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REPORT  C?  PROGRESS  ivlADE  IN  1938  ON  WOOL  SHRINKAGE  PROJECT 

—  SAiCPLING  CLIPS  OE  WOOL  EOR  SHRINl^AGE  DETERMINATION    i/  — 

By  Rotert  H.  Burns,   Senior  Marketing  Specialist 

Recognizing  the  need  for  more  accurate  knowledge  concerning  the 
different  methods  of  sampling  clips  of  wool  for  shrinicage  determination, 
the  Agricultural  Marketing  Service  has  undertaken  a  study  of  these 
different  methods. 

SHRINKAGE  OF'^OOL  AND  ITS ■ COMMERCIAL  APPLICATION  - 

The  layman  had  difficulty  interpreting  the  term  "shrinkage"  as 
applied  to  wool  for  he  usually  thinks  of  shrinkage  in  its  strictly 
physical  sense.     The  shorn  fleece  of  the  sheep  contains  varying  quanti- 
ties of  extraneous  material  such  as  sand,-  dirt,   seeds,   Durrs,  cactus, 
greasewood,  paint,  and  indigenous  material  such  as  sweat,   excreta,  and 
grease. 

The  commercial  value  of  a  fleece  or  a  clip  of  wool  is  controlled 
oy  the  quantity  of  clean  wool  fiber  that  it  yields.  '  This  weight  6f 
clean  wool  fiber  as  expressed  "by  the  percentage  it  makes  up  of  the ' 
original  weight  of  greasy  wool,   is  spoken  of  as  the  "yield".     When  an 
allO'-'-ance  is  made  for  the  impurities  remaining  in  the  scoured  wool  afteSI* 
it'  is  .washed  the  term  "clean  content"  is  used  to  describe  the  clean  wool 
which  contains  no  impurities.     The  percentage  of  the  original  weight  of 
greasy  wool  removed  by  scouring  is  spoken  of  as  "shrinkage". 

Shrinkage,   in  the  trade,   is  based  on  the  billed  'weight  of  grease 
wool,   and  the  value  of  a  clip  or  lot  of  wool  cannot  be  ascertained  until 
the  shrinkage  and  grade  are  known  or  are  estimated  by  competent  wool 
handlers.     In  the  past  the  producer  has  had  very  few  sources  of  infor- 
mation available  from  which  he  could  obtain  an  unbiased  description 
of  the  shrinkages  and  grades  of  his  clip.     In  recent  years  information 
has  been  available  to  him  on  the  grade  of  his  clip,  but  the  information 
on  shrinkage  was  largely  conjectural  and  in  most  cases  was  biased 
in  nature.     In  fe^-,   if  any,   cases  could  he  obtain- actual  shrinkage 
figures  on  his  clip,   or  on  a  part  of  it. 

He  has  wanted  in  the  first  place  a  test  of  shrinkage  on- his 
clip  that  would  give  him  information  in  time  to  be  of  use  to  him  when 
he  sells-  that  clip.     In  the  second  place  he  is  interested  in  collect- 
ing,  over  a  period  of  years,   information  concerning  the  range  in  fleece 
weights,   grade  and  shrinkage  of  his  clip.     He  then  has  the  information 
necessary  to  outline  his  program  of  wool  improvement,   taking  into  con- 
sideration the  various  feed  and  climatic  conditions  which  influence 
his  wool  clip  in  connection  with  the  breeding  policy  which  is  being 
followed. 


1/  This  report  was  prepared  by  Dr.  Burns  when  he  was  in  charge  of  the 
wool  shrinkage  project,   i^hich  ^^as  formerly  under  the  supervision  of  the 
Bureau  of  Agricultural  Economics.     Effective  July  1,   1939  this  "-ork  was 
transferred  to  the  newly  created  Agricultural  Marketing  Service. 


REVIEW  OF  Lm.RlMMTAL  "TESTS  IN  SAMPLING  FOR -  SHRINKAGE 

.  ,  ■  DETERMINATION  / 


A  very  limitod  riumlDer  of  tests  have  iDeen  made  of  the  shrinkage 
of  samples  of  v/ool  as  compared  i^/ith ' entire  ' lots.     During  the  World 
War,  Dantzer  (1922)  made  a  series  of  tests,  for  the  French  Government 
in  rhich  he  compared  the  shrinkage  of  small  samples  against  entire  lots* 
He  tested  four  500~gram  (1.1  pound)  samples,  drawn  from  a  lot  of  wool 
weighing  48,044  pounds.     The  samples  gave  a  shrinkage  of  43.4  percent 
while  t]ae.  figure  for  the  entire  lot  was  51.4  percent,  a  difference  of 
around  8,  percent.'    It  is  rather  interesting  that  the  estimates  of 
•expert  wool 'handlers  were  in  error  by  around  6  percent  on  the  same 
lot  of  wool.     The  method  'Of-  ohtaining  the  samples  is  not  mentioned  "but 
it  is  stated  thcvt  they  were  rerjresentative. 

'   -Jones  and  Lu^h  (1927)  reported  the.  shrinkage  of  fleeces  as  com- 
P^aired  with  entire  lots,  working  with  fine  \"ool  fleeces.     They  reported 
i.hat  25  fleeces  give  a  shrinkage  within  2  percent  of  the  actual  shrinkage 
if^  :the  fleeces  are  selected  by  a  fair  m.ethod.     By  increasing  to  100 
f-leeces'the  average  shrinka^re  is  within  1  percent  of  the  actual. 
Each  of'  four  different  methods  of  sampling  which  they  tested  gave 
reliable  results.     These  four  methods  all  used  entire  fleeces  and  were 
based  on  mechanical  selection.     In  these  four  methods  of  mechanical 
selection  the  fleeces  were  selected:  from  20  sheep  cut  out  of  the 
■flock,  from  10  sheep  cut  out  of  the  flock,  every  5th  fleece,  and  ev©I^y 
10th, fleece. 

Spencer,'  Hardy,  and  Brandon  (1928)  of  the  Bureau  of  Animal 
Industf'y,  U.   S.  Department  of  Agriculture,  made  a  study  of  the  shrink- 
age of  wool  taken  from  the  side  area  of  fleeces  as  compared  with  the 
entire  fleeces.  ■  Ninety-eight  fine  wool  fleeces'  were  included  in  this 
study  and  the  shrinkage  of  the  side  samples  v^np,  56.80  percent,  while 
that  of  the  entire  fleeces  "'as  56.95  percent. 

Wilson  (1929)  made  some  testn  of  small  composite  samples  taken 
in  triplicate.     These  samples  varied,  about , 3  percent  from  each  other. 
He  incluaed  that  these  samples  were  too  small  to  represent  accurately 
the  clip  samples,  and  that  the  3~p6und  samples  which  were  used  would 
not  give  as  accurate  results  as  if  10-po"uiid  samples  had  been  used. 

Burns  (1931)  reported  some  shrinkage  tests  in. which  duplicate 
samples,  taken  from  two  difierent  groups  of  50  fleeces  gave  satisfactory 
results  insofar  as  indicc^.ted  by  the  correspondence  of  the  two  samples. 
These  samples  varied  from  each  other  by  less  than  2  percent. 

Wilson  ( 1931 )■ reported  a  test  of  three  6  to  7-pound  samples  made 
up  by  separating  handfuls  of  wool  at  I'andom  in  triplicate  from  each 
of  47  fleeces  before  they  were  tied.     Three  subsanrples  of  about  200  grams 
(0.44  pound)  were  taken  from  each  of  the  larger  samoles  and  scoured 
separately.     The  subsamples  agreed  in  shrinkage,  but  the  larger  samples 
varied  by  3  percent  ^^jhich  was  considered  as  too  large  a  difference. 
I'he  author  concluded  that  an  accurate  method  of  sampling  each  fleece 
must  be  found  Vefore  any  reliable  index  of . the  shrinkage  of  a  clip 
could  be  determined.        .     •  *. 


^  3  " 

Eucl:  and  Y/ood  (1936)  oi  tlie  AgricLiltural  Iviarketirig  Service,  U.S. 
Department  of  Agricv.ltr.re ,  made  a  comparison  of  the  ftiirinliage  of  side 
samples  against  entire  fleeces.  Porty-nine  range  fleeces  and  50  farm, 
fleeces  av/ere  used.     Tiie  average  shriiikage  of  the  entire  fleeces  T/as 
51.86  percent  as  compared  rith  61.55  percent  for  the  side  s-amples. 

F3ESKJT  STATUS  0?  TES  FEOBLH-l  Of  Si.LI?Li:-IG^  5 OR  SiEIMAGS  DETE3idIKA.TI01T 

At  the  present  time,   important  and  far  reaching  changes  are'  t airing 
place  in  the  structure  of  the  nool-marketing  system  in"  this  covjitry. 
The  gro^irers  have  become  dissatisfied  with  the  service  rendered  b:-  the 
wool  coiii-dssion  firms,  particularlv  iin  regard  to  the  methods  used  in 
houidling  consig-'^nent  lots.     There  has  hecn  a  marked  increase  in  the 
quantity  of  wool  purchased  in  the  cc"untry  for  direct  shipm.ent  to  the 
mills  and  top  makers.  The  top  maimers  liave  increased  their  dusincss 
to  take  care  of  the  demand  from  the  m.anuf acturers  ^vho  would  rather 
depend  on  the  top  iaalcer  for  a  supply  of  wool  thou  carrj'  quantities  of 
wool  in  storage.     The  growers  liavo  shown  increasing"  interest  in  cooper- 
ative selling  associations,   local  warehouses,  and  the  auction  sales  which 
have  "been  started  oy  a  private  coiuODiiy  in  the  producing  areas.  All  of 
these  contacts  have  increased  the  desire  ojnong  the  grotT-prs  to  Imiow 
the  factors  tlie.t  regulate  the  inliercnt  m^arket  value  of  their  wool  clip. 
Consequently  there  has  "been  a  n;reat  increase  of  grovfor  interest  in  the 
prohlem  of  grades  ano.  shrirfiagc. 

DEVEL0PHi:]^T  0?  SiU-I'LIIIG  ^EETHODS  '  ' 

There  is  a  distinct  lacl:  of  information'  concerning  the  shrinkage 
of  a  series  of  sm.all  s-'JTiplcs  as  comroared  with  an  entire  lot.     The  ultimate 
test  of  th^  shrinlzago  of  a  lot  of  wool  is  to  find  ou'c  how  much  extran- 
eous and  indigenous  material  is  lost  -ken  the  wool  is  scoured  at  the 
mill. 

There  are  two  means  of  ohtaininr  a  shrinkapj"  of  a  large  lot  of 
v;ool  Dv  a  repres.  ntative  sample.  The  first  method  is  oy.  the  use  of 
intact  fleeces  which lepre sent  the  much  l^arger  n-amher  of  fleeces  in  the 
entire  clip  or  lot.  The  second  method  carries  this  step  a  little  further 
eind  attempts  to  obtain  representative  handfuls  either  at  rajidom  or  from 
specific  oody  areas  in  the  fleece.     The  lirst  m.cthod,  using  entire  fleec- 
es only,  has  one  ch--nce  of  variation  due  to  the  accuracj''  ^:-ith  which  one 
fleece  or  a  series  of  single  fleeces  represents  a  mucli  larger  n'umhcr 
of  fleeces  in  an  entire  lot.     In  the  second  method  there  is  an  addition- 
al chance  of  error  in  the  selection  of  samples  from  t]ie  fleeces. 

:PIlAC2iCAL  ASPECTS  Op-'700L  S^.I?Li:TG 

When  commercial  sco"Liring  jpliJits  arc  avodla'Dle  the  use  of  entire 
fleeces  is  desirable, '  for  then  one  m-ajor  source  of  variation  has  been 
removed,  namely,   the  accuracy  -dth  which  the  small  sample  or  sai^rples 
represent  each  fleece.    -vT'ien  corm.ercial  scouring  plajits  are  not  avail- 
aolc  and  quick  results  are  desired  the  small- scjaple  method.  hc.s  been 
used.     The  small  s.-mple  method  h^as  "been  the  most  practical  means  of  • 
obtaining  a  q^uick  test  on  the  sh-rinkage  of  a  clip  of  wool.     In  the 
past  a  large  number  of  small  scu.iples,   individ'aal  fleeces  and  s-mple 
bags  of  v/ool  have  been  tested  for  shrinkage,    b'at  in  very  few  ins"t  nces 
was  it  possible  to  obtain  a  check  on  the  sa^-iple,   fleece,   or  bag  shrink- 
ages as  compared  with  the  mill  yields  of  the  ..ntire  cli-3. 


The  Agricultural  Markntin/^  Service  has  undertaken  a  res*^arch 
"oro^o-ran,   the  o'biect  of  ^vhich  is  to  obtain  re-ore  tentative  <?ain-oler^  of 
clips  in  thp  Droducin^z  area-s  ^md  to  te'^t  a  '^eri^^3  of  ■^.mall  san-olpg^or 
single  cora-posite  ha-^s  a-'^ainst  entire  cli"Os  or  lots  ^f  "^ool.   It  --^as 
hoped  that  it  ^■^ould  "be  possible  to  follo'-^  throu.?:h  clips  or"  ■-'^ool  that 
had  been  saTrroled  at  the  ranch  and  obtain  the  yield  of  thesf^  lots  "rhen 
processed  at  the  mill,  Sut  it  "^as  found  that  the  lots  ,^ene:^all77-  lost 
their  identity  in  the  wool  trade  so  it  has  not  been  possibli^  to  carry 
out  this  Plan.   It  ^^as  necessary  to  sample  certain  lots  of  imlc:no^''n  iden- 
tity at  the  mill  and  compare  the  shrinkage  of  these  samples  "^ith  that 
of  the  entire  lots  ^^hen  processed.  . 

I/IETHODS  OF  PROCEDURE 

SamplincO-  Procednire  nt  thp  Rnnch 

Composite  Ba.^s.   Composite  Sn.mpl e s ,   CTrade>-Pile  Spmplp-s ;  Th*^  composite 
bo-'T  'TO.s  madp  up  in  th'^  same  proportion  a^  th^^  difi^e'^^nt  .^radps  in  a 
lO-ba<:c  sample  '^hich  consisted  of  ba-^-s  set  aside  at  spaced  inte-^yrvlq 
throUiH:h  the  clip.     In  a  f e^n  instances,  '^here  tho  cli^is  ^-'ere  small,  the 
jcr-ro^'^ers  laid  aside  fleeces  at  spaced  interval-:',  to  make  up  a  composit^^ 
ba/5;  which  represented  their  clip.  Th-^  10  ba-Ts  of  •'"•ool  wer^^  .c^-^ad^d  out 
into  their  respective  ^:rad.e  pIIps  and  the  perc*^nta,?p  b"'"  ^'^ei^o^ht  of  each 
grade  was  calculated.  The  proportionate  number  of  fleeces  '-'Pre  then 
mechanically  selected  by  chronolo  ^ical  selection  from  each  ^rade  pile 
so  that  thp  composite  ba/?;  as  made  up  had  the      rae  composition  by  ^^rade 
as  th'^  entire  10«ba,q;  19)t.  Hand  samples  ^'^erp  talcen  in  du^nlicate  by  t^'"© 
operators  from  the  shoulder,   side,  and  back  areas  of  each  of  the  tif^d 
fleeces  in  the  composite  ba,-^  and  these  samples  were  kno'^n  as  com^oosite 
Scjmples.     Other  hand  samples  ^'ere  taken  in  the  sam.e  ''^ny  from  ■•'^s  manv 
as  100  fleeces  ( dependinc?*  on  th*^  number  of  fleeces  in  the  .-^rade  pil-^) 
in  each  .-^rade  pile  and  these  sam.ples  are  referred  to  as  2;rade-pile  samp- 
les. 

The  composite  ba,7;s  '"ere  shipoed  to  a  commercial  scour^^r  in  the 
East  and  the  wool  was  scoured  by  sorts.  The  shrinka.?es  ^pre  calculated 
on  the  basis  of  13  percent  of  moisture  ^hich  is  the  amount  of  moisture 
^^enerally  accepted  r<.s  normal  for  avprri.^e  scoured  '"ool.  The  compositp 
samples  and  ^rade-pile  samples  ^"ere  s^^ipped  to    a  -  •-'ool  laboratory  of 
the  Department  i7here  they  ^ere  scour^-^d.  Thf^  ^ool  in  the  composite  samplps 
had  been  separated  by  ,2:rade  when  they  wppp,  mad(^  up.  The  shrinka.^-e  s  from 
these  samples  were  also  calcula^t^d  on  the  basis  of  13  pprc^nt  of  m.oisture. 

Gradin.g;  of  each  Fleece  as  Shorn;   It  ^as  dec-,irable  to  kno^  the 
^rade  of  the  fleeces  in  th-^  order  that  they  went  into  the  sacks  to  s'^^e 
whether  a  representative  samplp  of  the  clip  wmj.ld.  be  obtained  by  a 
mechanical  method  of  selection.  Each  fleece  in  three  different  clips 
was  t2:raded.  and  a  chronolo t^rical  record  of  the  /trade  of  pach  flepcf^"  w^c. 
kept,    in  thp  order  that  they  w(^nt  into  the  sack. 

Flepce  Sorts,  Random  and  Side  Sa,mples :  A  limited  amount  of  infor- 
mation is  available  concernin,^  thp  shi^inka.^p  of  thp  di-'i'ferent  bodv  sorts, 
definitely  located  accord.in^H:  to  body  areas,   as  compared  wit.htthe  entire 
fleece.   It  is  important  to  Imow  thes'^  relationships  in  order-  to  m.ake 
definite  comparisons  of  thp  different  systems  used  in  selectin.?:  small 
sa!Tiples. 


During  the  sliefirihg  ^^h^bH  of  1938  fleece-sorting  work  was  carried 
on  in  coor>eration  •'^itH  0\is  Larson  of  Rawlins,  Wyoming,   the  Montana  Agri- 
cultural Experiment  Station,  and  the  U.  B.   Sheep  ExToeriment  Station  of 
the  Bureau  of  Animal  Industry,  at  Duhois,   Idaho.     The  original  "olan, 
with  the  Gus  Larson  fleeces,   called  for  the  selection  of"  five  fleeces 
from  each  grade  of  wool  reio resented  in  the  cliiD.     However,   it  was  not 
Dossible  to  oh tain  fleeces  in  all  of  the  grades  and  17  fleeces  were 
obtained  distributed  as  follows:  Fine  5,  l/2  Blood  5,  3/8  Blood  4,  and 
1/4  Blood  3,  These  fleeces  were  siolit  do^n  the  middle  of  the  hack;  this 
left  one  "half"  intact,   and  then  the  other  half  ^"^as  divided  into  shoul- 
der,   side,  hack,  helly,   ta.es,  and  remainder. 

At  the  Montana  Agricultural  Experiment  Station  the  lolan  was  to 
select  enough  fleeces  from  their  fine- wool  varifP'  flock  to  mak»  vm  a 
hag  of  wool,  and  divide  these  fleeces  heforp  they  wp-p.  tied.  The  fleece 
was  split  "down  the  had':,   one  "holf"  wa-s  left  intact  and  the  other  "half" 
was  divided  up  into  six  body  sorts.     There  were  23  Pine  fleeces  and 
three  l/2  Blood  fleeces. 

At  the  TJ,   S.   Sheep  Exioeriment  Station  the  Dlan  was  to  obtain  5  ewe 
fleeces  and  5  ram  fleeces,   as  available  j^rom  the  four  breeds  and  ty^es 
of  sheep  at  that  sta.tion.     Thirty-nine  fleeces  were  obtained  from  that 
station  to  use  in  th^  fleece  sort  work.  All  fleeces  '"evo.  from  yearling 
sheepo  . 

Eleeces  from  121  yearling  ewes  were  obtained  for  use  in  the  comp- 
arison of  random  and  side  Sc'im"Dles  and  the  entire  fleece,   in  r^-eard  to 
shrinkage.  These  fleeces  were  obtained  from  the  four  diffprent  breeds 
and  types  and  six  black  flepces  werp  a.lso  included.  Thpre  ^pre  30 
Rambouillet  fleeces,   25  Targhep  fleecps,  30  Columbia  flpecps  and  30 
Gorriedale  fleeces  in  the  study  of  random  and  sidp  sam.-oles.  All  flepces 
were  from  yearling  ewes. 

The  fleece  sorts  were  made  vco  in  exactly  the  samp  method  as  uspd 
with  the  fleeces  from  the  Gus  Larson  clip. 

Thp  followinc?  method  "-aq  uspd  in  making?  up  the  side  and  random 
samples.  As  each  fleecp  ^^as  shorn  a  la,rgp  handful  of  thp  side  ^^ool  '"^as 
taken  by  one  operator,  l^pn  thp  flpece  ^'^as  tipd  anothp"^  o"OPrator  took 
a  random  samole  from  thp  fleece  confining  himself  to  the  shouldpr, 
side,  and  back  wool.  Thesp  two  sara-ples  were  sackpd  sP"oarately  and  the 
remainder  of  thp  fleece jjalong  '"ith  thpsp  t^'^o  sacked  samioles,   was  Tolacnd 
in  one  of  the  largp  sa,mr)le  ba=^s.  - 

LIETKODS  OE  PROCEDURE 

Sa.mpl  ing._Procedur  e_at_thp„Mill  s_^and_Warehouse  s 

Random  and  Commercial  Saminles,   5-Ba.A7-  Lot  s :     Fivp  cliDs,   from  which 
one  bamd  had  been  sam"oled  at  the  shearing  shed,  were  later  locatpd  at 
the  warehouse  of  the  National  Wool  Markptin^i;  Goriooration  and  coo"Derative 
arran^^ement s  ^^ere  made  to  obtain  5-ba5^  sample  lots  from  pach  of  these 
clips.  Random  and  commercial  sam^oles  ^-^ere  taken  from  ea<"h  of  thp  flpecps 
in  these  5-bag  lots  by  two  different  oppra.tors.     Thp  5-ba,g  sarar)le  lots 
were  selected  from  the  la.rge  cli'os  by  a  commercial  method.   The  random 
samples  were  taken  by  a  laethod  similar  to  that  u^ed  at  the  shearing 
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shed  in  Y/hich  handfuls  of  vrool  wore  pulled  from  the  shoulder,  side, 
and  back  portions  of  the  fleece,     Tlie  "coimTiercial  sejnples  were  taken 
by  the  operators  to  represent  their  judgitie.njb-- of  a  representative 
sample  of  the  5-bag  lot.  ; 

Random  Samples,  x:jntire  Lots:   In  a  second  series  of  tests 
carried  on  in  cooperation  with  a~com2Tiercial  mil],  a  test  lot  of  10 
bags  was  selected  out  of  -the  entire  lot,  using:  equal  spavcing  by  n^ani- 
ber  throughout  the  lot,     '^'hese  10  bags  were  graded  when  necessary 
and  samples  were  ta].-:en  in  duplicate.'  from,  every  fleece  in  the  10  bags. 
One  lot  consisted  of  82  bags  of  Original  .Bag  T.yoming  and  this  lot 
graded  out  into  Fine  and  l/2  .Blood  with  a  sprinkling  of"  S/S  Blood. 
The  latter  grade  was  not  used  ac  t.he  mill-  and  hence- YJ-as  ,  e^zcluded  from 
the  testv     The  other  two  lots  were  graded  lots  of  l/2  Blood  from 
i.;ontana  and  Idaho »     Each  of  the  sublets  contained  approximately  10 
bags.     The  following  table  shows  the  relationship  of  these  lots,  sub- 
lots,  and  the  ssiiiplos  made  up'  from  the  sublots:  .  .    .  ' 

Table  1.  -  Size  of  Lots,   Sublots  and  Number  of  SamiDleSo 


.ratir 


Lot 


^o .. 


Bags 


Sublet 
No.  Bags    Ho,  Samples 


Original  Bag 


i':!yoming, 
Liontana,  l/2 
Idaho,   1/2  Blood 


.Blood 


82 
126 

258 


9 
10 
10 


6 

24 
12 


■  Thu  nui'aber  of  samples  varied  because  of  various  studies  made  on 
the  effect  of  different  factors  on  scunpling. 


The  semples  were  taken  from  the  tied  fleeces  and  then  the  differ- 
ent lots  were  sorted  £vnd  the  o.ff sorts  w.^^re  taken  off.     The  mill  used 
only  the  main  body  sorts  \niich  aiiioun.ted  to  95  to  96  percent  of  the 
total  by  weight.     The  of :i:  sorts,   including  tags,  were  not  scoured  at 
t-his  m.ill.     In  the  Idaho  lot  the  T-I.  S,  Department  of  Agriculture  made  a 
test  of  the  shrinkage  from  a  somple  of  the  tag  sort  and  the  shrinkage 
of  the  scjiiples  was  the^n  corrected  to  allow  for  the  tag  sort.  However, 


the  sampling  m.ethod 


ised  ht.s  always  L^imed 


;o  obtain  representative 


samples  from  the  shoulder,   side,  and  back-TTool,  which  Liakes  up  the 
major  body  sorts  of  the  fleece.     So  the  saiMples  coming  from  these  bod; 
areas  were  directly  coYnparable  with  the  lots  processed  at  the  mill. 


Laboratory  Llethod  of  Scour i^ig:  The 


;amples  wure  passed  through 
a  wool  duster  and  then  Yj'ere~put  th:Fough  a  semii-coFimercial  scouring 
plant  consisting  of  six  bevels  measuring  10  feet  long,   18  inches  wide 
and  18  inchus  deep.     The  first  bov:l  conto.ined  a  steeping  solution  con- 
sisting of  0,25  percent  of  textile  soda  and  0.10  percent  of  textile 
soap  by  weig>it.     The  second  bowl  contained  a  sc  curing  solution  con- 
sisting of  0,10  percent  of  soda  and  0,50  percent  of  soap  by  weiglit. 
The  third  bowl  contained  0,10  percent  of  soda  but  the  concentration  of 
soap  i/as  reduced  to  0,25  percent  by  weight.     The  last  three  bowls  con- 
tained rinse  water.     The  wool  v;as  divided  into  portions  of  approxi- 
mately 2,000  grams  each.     Those  portions  wore  floated  through  the 
scouring  liquor  and  fed  through  the  ^Squ^eze  rolls  between  each  bowl 
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by  hand,     Az.ch.  bov/1  vrc.s  oquipjpod  v/ith  a  porforc.tod  novablo  tray  v/hich 
v/ould  bo  raised  up  out  of  the  solution.     Thus  the  bits  of  i.ool  that 
sank  belov^'-  the  surface  of  the  solution  Trerc  caught  on  the  tray  and 
v\rere  not  lost  into  the   Dbttem  of  the  boTrl.     Thie  tempjrature  of  the 
different  baths  was  kept  at  120  degrees  Fahr.    y^ien  tho  7/ocl  cojne  out 
of  the  last  squeeze  roll  it  was  convey.od  tlirough  a  corm-iercial-typo  drier 
at  a  temperature  of  130  -  140°  F,     Then  it  was  placed  in  containers 
and  left  to  stand  overnight  to  equalize  the  raoisture  conditions  Y/ithin 
the  sample.     The  next  day  it  was  run  through  the  duster  and  Y/oighod. 
Subsamples  Yrcro  taken  from  each  sample  in  proportion  to  the  quantity  ef 
scoured  y/oo1  in  the  sai'iiple.     These  subscjnplcs  wore  dried  to  constant 
Y/eight  in  a  conditioning  ovon.     All  final  scoured  Y/oights  were  corrected 
to  a  basis  of  12  percent  of  moisture.     Tests  Y/ere  made  on  the  cleanli- 
ness of  the  scoured  Yrool  by  means  of  soxhlot  and  alcohol  extractions 
and  ashing  on  a  number  of  samples  (A.S.T.l.Io  Designation  D-23,2-36). 

Scouring  and  Processing  Procedure  at  the  Mill:     After  the  wool  had 
been  sorted  at  the  mill  and  the  Yreights  had  been  obtained  it  Y/as  run 
through  a  commercial  scouring  m.achine  and  drier.     Samoles  Yfore  taken  of 
the  scoured  wool  as  it  ccuiie  from  th.^  drier  and  moistYiro  det^-nninations 
were  made.     Direct  lYoights  were  tak^n  and  th'^n  the  xrool  Y\ront  on  to  the 
carding  machines.     The  "scoured  Y/oight",  which  includes  top,  noil,  slub- 
bing  and  waste,  Y^as  used  in  the  calculation  of  the  yield  of  the  Yraol. 
Moisture  determinations  wore  made  on  the  top  and  the  top  Y/as  also 
tested  for  grease  content.     All  shrinkages  Y^ere  calculated  on  the  basis 
of  12-pjrcent  moisture.     The  " scour. :d  Y:eight"  included  all  of  the  scour- 
ed Y/ool  Y/ith  very  little  loss.     The  variation  of  the  moisture  in  the 
scoured  y/ooI  as  it  came  from  the  drier  Yjas  so  great  that  the  shrinkage 
based  on  these  figures  Y/as  not  used. 

::]XPERIl:SNTAL  R,:^SULTS 

Composite  Bags,  Composite  Samples,  Grade-Pile  Sejiipl-s:  During  the 
1938  shearing  season  20  composite  bags  Y.-ere  made  up  from  different  clips. 
Samples  Yrere  taken  from  each  of  the  fleeces  making  up  these  composite 
bags.     Results  a.rc  given  bcloY.r: 
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Table  2.  -  The  Shrinkage  of  Composite  Bags  and  Duplicate  Samples 
(Tag  Sort  Excluded  and  Saj.'aples  Included  in  Composite  i3ag  Shrinkage) 

Composite  Bags  Scoured  by  Commercial  Scourer 
Samples  Sc.:ur.;d  by  A, M.S.  Y^ool  Laboratory 

Shrinkages  Based  on  \Z%  Moisture  in  Scoured  Wool 


Composite  Bag 


Mean 


Duplicate  Samples  From.  Composite  Bag 


Scjiiplo  jvio .  1 

Sojnple  No.  2 

Both 

66.  2 

00.6 

65 . 4 

63 .  b 

64,  7 

DO.O 

60.  8 

62 , 1 

c.  c  o 

DO  »  «i 

bo .  b 

6o »  / 

63.  r 

CO  o 

6o .  o 

crs  o 

60  •  y 

bo .  0 

Old ,  3 

CO  o 

oo ,  c 

65 .  b 

f  r  c 
6b .  6 

bb.  6 

6  /  e  4 

6.3.5 

64,  b 

C  A  1 

64. 1 

CO  o 
DO  .  C 

obe  y 

oi  •  0 

bo .  4 

70.0 

63.4 

64.5 

63,9 

63.5 

62.3 

62 . 2 

62.3 

66«0 

63.1 

64 . 2 

63.7 

66.8 

65.9 

64,1 

64.8 

OO  «  1 

oy  e  o 

O  O  . 

AT  V 
Dl  0  / 

63.7 

62.0 

62,0 

62.0 

67.8 

64  0  0 

64.4 

64.2 

60.7 

57,7 

58,5 

58.1 

56. 2 

51,7 

53,0 

61.5 

59.2 

58,8 

59,0 

61.7 

57.0 

57.9 

57.5 

65.0 

62,7 

51.5 

62.1 

61.8 

59„9 

59.8 

59.9 

65.03 

61.74 

61,88 

61.85 

Difference 

betv'oen  composite  bag  and 

composite  sam.pl 

OS  3.18 

The  shrinkages  for  the  composite  bags  included  the  paper  string 
used  in  tying  the  fleeces  ivhich  of  course  was  not  included  in  the  scjaiples 
The  average  quantity  of  paper  string  used  in  tying  the  fleeces  in  the  20 

;o  0.7  percent  and  this  v/ould  reduce  the  difference 
the  com/oosite  bap/s  and  the  scjaples  to  2.7 


of 


bags  of  Yfool  amounts 
between  the  shrinkage 
percent . 

Table  3.  -  Table  of  Variance 
Shrinkages  of  CoFiposite  Bags  and  Com.posite  Semples 
Variation  Due  to: 


Clips  or  B  .ags 
Samples 

B  oth  Samples  and  Bags 

Interaction  (a) 
Interaction  (b) 
Total 


Degrees,  of 
Freedom 

19 
1 
1 

19 
19 
59 


Sum  of 
Squares 


539o58267 
15.75025 
138.03075 

17.a8475 
26,54758 
737.19600 


First  conparison  between  sar.iples  and  intoractioii 
P  15.75025/17.28475  'Equals  0.911  Not  a  si/;-!vif icant  difierGncc. 

Socond  co^iToarison  t>ot:7ecn  sanx)l--s ■  ajid  "bags,  and  interaction. 
?.   138.03075/26.54758  Sq-oals  5.20  a  signigicant  diiiGrcncc. 

The  analysis  of  variccacc  indicates  that  the  sanplcs  o.ro  not 
si,-;;Liif  icantly  different  from  cc.-ch  other,   but  "arc  different  fron  the 
bags.     In  a  study  of  the  interaction  Det-.vo^n  both  sanples  and  the 
hags  "t"  equals  2.281  T7hich  is  inter-acdiate.  hetT/cen  the  5  and  1  cercent 
loyels  at  19  degrees  of  frcedor.. 

INPLIIEiTCE  OE  THL  TaO  SORT  01?  TIE  SHRIIJKAG:.  01 

The  q^uantity  of  tags  in  each  bag  varied  froi-:  7 
and  v/hen  the  tag  sort  ^vas  rei.ioved  in  the  calculation 
the  ayeragc  difference  cjno'onted  to  aro'ond  1  percent  . 

Taole  4  -  Shrinkage  of  Conposite  Sa.iple  Bags 

Conplete  Tag  Sort  Rencvad 


67.5 

O  C  .  D 

65.4 

64.  r 

66.3 

66.4 

69.1 

69.1 

69 . 1 

68.4 

68.3 

67.6 

69  •  9 

68.5 

70.8 

70.4 

64.5 

63 . 5 

57.1 

66.2 

67.3 

67.0 

67.1 

66 . 3 

64.6 

63.8 

69.4 

68.0 

58.0  ■ 

56.4 

62. 8 

60.9 

63 .  5 

51.7 

63.  3 

61.9 

66.1 

65.3 

63.7 

52.4 

Mean      66.19  65.27      Difference  0.92 

A  Cc::Tp:,.ri son  of  the  Shrinlcage  of  Cor.yposite  gar^  S.-^:.iple  ai'id 
G-rade-Pile  Sauples:  Each  coi-iposite  bag  uas  nade  up  fro:.a  tlic  g:;ade 
piles  iron  10  ba.^s  of  ^^col  selected  at  intervals  through  the  clip. 
The  coinpesitc  bag  contain  ;d  the  saiie  prepcrtion  of  each  grade  as  the 
10  ha  ,s.   Sa^-iples  vjere  takoi.  in  duplicate  fro_i  each  fleece  selected 
to  gc  into  the  ce::iposite  bag,  Sanples  ^r.^ere  also  taken  f ror;  each  fleece 
in  each  of  the  grade  piles.     The  grade  piles  n-adc  up  froLi  10  bags 
of  v/ool  contained  --arying  nuhbers  of  fleeces  of  each  grade,  fron  a 
fcv:  fleeces  up  to  api)roxinately  100  fleeces.     It  is  interesting  to 
conpare  the  s'lrinhages  of  the  conposite-h:.„g  samples  and  the  grade-pile 
samples. 


TSj  COl-iPOSITE  BAG-S 

up  to  62  po"unds, 
of  the  shrinkage 
as  she vrn  in  table  4. 
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Table  5.-  Shrinkages  of  Sfrfl  Samples  (10-1-5  ll3s.   in-  I^ei^ht) 
From  Composite  Eajg  Froa  Grade  Piles 


Mean 


63.5 

63.9 

62.1  * 

'  64.5 

63.7 

■  64.5 

62.3 

64.3 

65.6 

•  65.4 

64.1 

67.7 

63.4 

65.1 

62.3 

63.1 

63.7 

65.2 

64.8 

63.5 

61.7 

64.4 

62.0 

62.6 

64.2 

65.4 

53.0 

55.0 

59.0 

61.0 

62.36 

63.71 

Difference    1. 35 


The  results  shown  in  Table  5  indicate  that  the  grade-pile  samples 
gave  a  higher  shrinkage  than  the  composi'te'-bag  samples.     There  were 
only  two  composite-hag  samples  as  compared  with  a  number  of  grade-pile 
samples  which  varied  according  to  the  number  of  fleeces  in  the  10  bags 
of  wool  from  which  the  grade  piles  were  made  up.  The  grade  pile  samples 
give  valuable  information  on  the  shrinko.ge  of  a  clip,  in  addition  to 
that  obtained  from  the  composite-bag  and  composite-bag  samples. 

Variatio.n  in  G-rade  of  Fleeces  as  'Sho rn  and  its  Relation 
to  Sampling  Procedure • 

During  the  shearing  season  of  1938,   a  study  was  made  of  the 
variation  of  the  grades  of  the  fleeces  in  a  clip  in  relation  to  the 
sampling  method.     The  object  of  these  studies  on  three  different  clips 
was  to  find  out  huw  representative  different  sublots  of  wuol  v.'ere  to 
the  entire  clip  in  respect  to  the  grade' of  wool.     Each  fleece  in  these 
three  clips  was  weighed  and  graded  as  it  came  to  the  sacking  stand. 
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Table  6,  -  Percentage  of  Grades  by  T/eight 
in  jLntlre  Clip  and  in  Subdivisions 

Clip  In'0.1     :  5,3£0  jleecss,   or  97  Bales 


TlO  Be.les  : 

5  Bales  or  ', 

Grade 

:  J^ntire 

:  or  S^'ery  : 

Every  20th  : 

Ih/ery  10th 

:  Clip 

: 10th  Bale  - 

Bale  2/   ■  : 

Fleece 

F  ine 

DC  ,  0 

l/Z  Blood 

CO  9  u 

c.     »  J- 

9'^  Q 

CO  .  C7 

7 

C  C  a  1 

3/8  Blood 

9,0 

8.2 

5.9 

10.5 

1/4  Blood 

1.6 

1.5  - 

1.6 

1.2 

Lovf  1/4  Blood 

0.1 

0.2 

0.4 

0.0 

i;ll  Grades 

100.0 

luO.O 

luO.O 

100.0 

bales  or  every 

10th  bale 

aiiiomit  to  the 

sai.ie  in  a  100 

-bale  clip. 

bales  or  every 

20th  balo 

amount  to  the 

3aiTi3  in  a  100 

-bale  clip. 

In  this  clip,  10  balos,  every  iOth  bale,   or  every  10th  flooce 
gave  equally  good  representation  of  the  clip  in  respect  to  the  percent- 
age of  grades.     Hoi?revcr,  when  only  five  bales  vrero  selected  at  equal 
intervals  throughout  the  clip  the  percentage  of  grades  r/as  not  repre- 
sentative of  the  entire  clip. 

Table  7,  -  Percentage  of  Grades  by  "[eight  in  '.Jntiro 
Clip,   Subdivisions  and  in  CoLiposito  Bag 


Clip  xJo,   2:   8,376  Fle.ces,  or  203  -ags 


Grade 

: Entire  : 

10  Bags 

:  ;very 

:  Composite 

:Clip  : 

:   10th  Bag 

:       Bag  2/ 

Fine 

82.8 

30.8 

82.5 

72,9 

1/2  Blood 

lc.2 

17.4 

16.1 

27.1 

3/8  Blood 

0.9 

1,6 

1.0 

0.0 

1/4  Blood 

0,1 

0.2 

0.4 

0,0 

i;ll  Grades 

100.0 

100.0 

100.0 

100.0 

3/  The  coinposite  bag  was  nade  up  by  selecting  fleeces  at  equal  inter- 
vals of  tme  throughout  shearing. 

;.gain  we  find  in  Clip  ho.   2  that  e'vcry  10th  bag  giv.js  the  best 
representation  of  the  clip  in  regard  "Co  the  grades  of  the  fleeces.  The 
composite  bag  containing  the  fleeces  that  were  selected  at  equal  inter- 
vals of  time  throughout  the  shearing  of  the  clip  did  not  give  as  repre- 
sentative results  of  the  grades  of  the  fleeces  in  comparison  with  the 
entire  clip  as  did  the  other  methods  of  sampling.     Ten  bags  spaced  at 
equal  intervals  throughout  the  clip  did  not  give  as  good  a  representation 
of  the  clip  ..s  20  bags  m.adc  up  by  selecting  every  10th  bag. 
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Table  8.  -  Perc'^ntaf.e  of  Cra-des  by  ".'eight 
in  ;Iintire  Clip,  Subdivisions  and  Composite  Bag 

Clip  i  o.   3:   7,649  Fleeces,  or  204  Bars 


Grade  :   Entire  Clip  :   10  Bags  : Every 

:  ;  :  10th  Bap, 


Composite 
Bag  iJ 


80.0 

80.0 

77.7 

80.1 

17.3 

17.5 

19.5 

19.9 

2.0 

1.9 

2.3 

0.0 

0.2 

0.6 

0.5 

0.0 

100.0 

100.0 

100.0 

100.0 

Fine 

1/2  Blood 
3/8  Blood 
1/4  Blood 

All  Grades 

1/  The  composite  bag  was  made  up  by  selecting  fleeces  at  equal  inter- 
vals of  time  throughout  shearing. 

In  Clip  No.  3  both  the  lO-b&g  lot  and  every  10th  bag  (20-bag  lot) 
gave  a  good  picture  of  the  entire  clip  in  respect  to  grades.     The  com- 
posite bag  gave  a  good  representation  in  the  Fine  and  l/2  Blood  grades, 
but  did  not  contain  any  3/8  Blood  and  1/4  Blood  fleeces. 

Results  in  all  three  clips  indicate  that  it  docs  not  seem  to  make 
m.uch  difference  whether  the  method  u'~ed  is  to  select  every  10th  bag  or 
to  select  10  bags  at  equal  intervals  throughout  the  clip,   insofar  as 
obtaining  a  representative  quantity  of  the  different  gra.des  is  concern- 
ed. Either  method  seom.s  to  give  about  as  good  results  as  the  selection 
of  fleeces  at  spaced  intervals  throughout  shearing  to  make  ud  10  bags 
of  wool.     Furthermore  tlie  indications  are  that  the  selection  of  less 
than  10  bags  of  wool  from  a  clip  does  not  give  satisfactory  results 
when  the  percentages  of  the  grades  in  the  sublet  are  compared  with  the 
percentages  in  the  entire  clip. 

The  manner  in  which  sheep  come  on  to  the  shearing  floor  had  a  con- 
siderable effect  on  the  order  in  vdiich  the  different  grades  of  fleeces 
went  into  the  bags.     It  has  been  a  coirimon  observation  at  the  sheering 
pens  that  the  coarse-v/ooled  sheep  are  bolder  and  tend  to  bo  in  the  lead 

when  the  sheep  go  into  the  shearing  pens,  while  the  fine-woolcd  sheep 
tend  to  hang  back. 

Infonnttion  is  available  on  this  observation  through  the;  percent- 
o,ge  of  grades  from  the  first  and  last  bags  sacked  from  each  band  shorn. 


Tublo  9,,  -  Porc'jntCvgo  of  Total  by  I'oight 


Clip  No.   1:     3  Bands,   or  97 

Bal 

es 

 ;  .  _  

Band  and  Grxido  : 



First  Bag 

:     Last  Bag 

 !.. 

of  Band 

of  Band 

— 

lirnd  No  ,   1  • 

23  1 

59  0  4 

"          1/2  Blood 

,46  06 

26.1 

3/3  Blood 

27,7 

12.6 

1/4  Blood 

2 .  6 

1.9 

Band  No .   2 : 

F  i  zio 

46.  8 

75,0 

1/2  Blood 

43,1 

I806 

3/8  Blood  . 

P,  A 

6.5 

1/4  Blood 

1.7 

0.0 

Brnd  No.  3* 

Fine 

48  0  0 

68.0 

] /2  Blood 

36,1 

20.9 

3/8  Blood 

13.4 

11.1 

1/4  Blood 

0.0 

All  Three  Bc/nds;  l/ 

Fine  ~ 

38.8 

67.0 

1/2  Blood 

42.2 

22,1 

3/8  Blood  . 

16.3 

10.2 

1/4  Blood 

2.2 

0,7, 

■   1/  Weirhtcd  Average. 

The  first  bag  of  wool  sacked 

from  each 

band  of  sheep  was  con- 

sistently  coarser  in  grade  than  the  last  bag 

of 

wool  sacked  from  the 

same  band.     This  tendency  v/as  very 

marked  in 

all 

three  of  the  ba.nds 

of  sheep  in  th.is  clip. 

 ■       Table  10.  -  Percentage 

D  of  Total 

by 

Vv  eight 

Clip  No.   2:     7  Hands,   or  203  Bo.gs 


Band  and  Grade 

:     First  Bag 

• 

Last  Bag 

of  Band 

of  Band 

9: 

All  7  B..nds: 

Fine 

78.2 

64.8 

1/2  Blood 

20,0 

14,0 

3/8  Blood 

1,8 

0.9 

1/4  Blood 

0.0 

0.3 
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The  tondency  for  the  coc.rsor  woolod  sheep  to  for^o  ahoo.d  and 
come  on  to  the  shearing  floor  first  is : indicated , by  the  hig>er  per- 
centage of  the  coarser  grades  in  the  first  bag  of  the  band.     But  some 
considerations  apparently  modify  this  relationship.     r-vidently  in  some 
cases  the  more  advanced  age  of  the  shec;o,   irrespective  of  the  grade  of 
its  wool,  tends  to  make  it . han-  back  and  come  in  with  the  last  of  the 
band. 

   Table  11.      Poi-cc-nJ-ago  _o_f  ]!ot^^  hyJ\>oijJ^ 

Clir)  No.  '6 1     6  J"3ands,  or  204  Bags 


Band  and  Grade 


First  Bag 
of  Band 


Last  Bag 
of  Band 


All  6  BL-nds: 

Fine 
'     1/2  Blood 

3/8  Blood 


84.4 
15.0 
0.6 


80.9 
17.5 
1.6 


The  particular  clip  reprv;sentcd  by  table  11  contained  fleeces 
from  a  considerable  nuniber  of  older  "elack-face"  sheep.     evidently  these 
older  sheep  v-rith  coarser  fleeces  tended  to  hang  back  along  v/ith  the  fine- 
wooled  ones.    T'fhen  thu  ages  of  the  sheup  \Terc'  about  equal  there  seemed 
to  be  a  strong  tendency  for  the  fleeces  of  the  coarser  v/oolod  sheep  to 
be  represented  in  the  first  bags  sacked  from  a  band  and  the  fleeces  of 
the  finer-woolcd  sh^cp  were  found  in  greater  numbers  in  the  last  bags 
made  up  from  a  band. 

Grease' Content  of  Scoured  I'^fool 

The  grease  content  of  coini'acrc icily  scoured  wool,  according  to  the 
trade,  varies  between  0.50  to  0.75  p^roerit,     j;ests  of  the  gr  .ase  con- 
tent were  made  of  the  scoured  wools  in  the  mill  lots  and  the  samples 
scoured  at  the  Agricultural  Marketing  Service  laboratory.     Results  are 
found  in  table  12, 

Table  12.  -  Grease  Contents  of  Sc'^urcd  ■  ■ool  in  percent 


Origin  oaid  Grade 


Mill  Lots 


^i^ntiro 
Lot 


Sub lot 


t  A.M.S. 

;  Sc'jnples  _ 


Y-yoming  Original  Bag 
kontana  Graded  l/2  Blood 
Idaho  Graded  l/2  Blood 


0.86 
0.66 
0.41 


0.40 
0.32 


0,93 


0.61 
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The  firease  content  of  the  various  scoured  v/ools  vs.ried  from  0.32 
up  to  0.93  percent.     This  considerable  variation  in  the  grease  content 
of  scoured  vrools  sho\\rs  that  further  i/rorlc  v\rill  need  to        carried  out 
to  determine  the  normal  grease  content  of  scoured  wool.     The  correction 
of  shrinkages  to  a  standard  grease  content  of  scoured  vrool  (0.5  per- 
cent) makes  a  change  in  the  original  shrinkage  of  barely/"  0.1  of  a  per- 
cent. 

Variation  in  Shrinkage  Between  Four  Samples  from  the  Same  Fleece 


As  has  been  mentioned  in  connection  with  sampling  procedure,  some 
tests  Yy-ere  made  on  the  variation  in  shrinkage  between  four  samples  from 
the  stmc  fleeces,   in  the  lot  of  I-.Iontana  vrool  of  graded  l/2  Blood,  which 
\\r£is  the  second  lot  t..-sted  at  the  mill.     Two  operators  tooK  quadruplicate 
samples  from  each  fleece,   each  operator  going  over  the  50  fleeces  repr^.- 
sented  in  each  sejnple,  twice.     All  of  the  odd-nijap.bered  sar.iples  in  the 
series  of  samples  x-rerc  taken  by  one  operator  and  the  even-numbered 
samples  in  the  series  were  taken  by  the  second  operutor.     Thus  ssur.plcs 
No.   1  and  3  were  taken  from  one  set  of  50  fleeces  by  one  operf.tor  and 
Saxirpl..:s  ho,  2  and  4  :Tere  taken  from,  the  same  set  cf  50  fleeces  by  the 
second  operator.     Two  factors  were  studied  in  this  test;  the  possibility 
of  variation  in  shrinkage  of  scjiiples  selected  by  different  operators  and 
the  variation  in  shrirlcage  betv^reen  i:he  first  and  last  of  four  samples 
taken  from  the  same  fleeces.     The  results  obtain jd  arc  sho^.'^'n  in  th3 
following  table. 

Table  13,  -  ShriiiJrages  of  Samples  To.ken  h^r  Two  Operators 


SojTiples  by 

:   Operator  : 

Operator  : 

Difference 

Sets  of  4 

:     ^No.  1  : 

Too   2  : 

Set  1 

5c5 . 3 

57.8 

-  0,5 

2 

60,2 

59.3 

-  0.9 

"  3 

e9 » o 

60.5 

+  1,0 

"  4 

bl ,  3 

60.4 

-■  0.9 

"  5 

60.4 

60.0 

-  0,4 

"  6 

59.8 

58,7 

-  1,1 

The  difference  in  the  shrinkage  of  samples  selected  by  different 
operators  is  not  significant  statistically  for  "t"  equals  1.49,  which 
is  smaller  than  the  5  percent  l^vel  at  5  degrees  of  freedom.. 

An  e,dditional  study  '.;as  made  of  the  variation  found  in  the  shrink- 
age of  the  first  and  last  of  four  samples  taken  from  the  sraTic  fleeces. 
The  question  under  consider;:. tien  md.s,  whether  repeated  sampling  of  the 
same  fleece  would  show  any  change  in  the  shrinkage  of  the  scmples 
drawn.     In  this  tjst  four  samples  were  taken  from  each  of  the  scjnc 
fleeces  by  two  di.  f erent  operators.     The  results  are  shovm.  in  table  14, 
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Tablo  14.  -  Shrinkages  of  First  and  Last  Scmplos  Taken 


Ganipl 

OS  by 

:     Scjnple  No.  1 

:   Scjnple  No.  4  :  Difference 

Sots 

of  4 

a/ 

_  ^              ^  -.. 

Sot  1 

58,2 

57.5               -  0.7 

tt 

2 

60.1 

59,3               -  0.0 

M 

3 

59.7 

60.3    .            +  0.6 

11 

4 

61.3 

60.1               -  1.2 

It 

5 

60.4 

69. 5               -  0.9 

1! 

6 

60.3 

60.0    .            -  0.3  ^ 

The  difforonce 

in  shri 

nkage  betYJ"een  tho 

iirst  and  last  of  four 

saiiiplos  taken  from  tho  scmo 

fleeces  in  this  s 

tudy  was  not  si3;nificant 

for  "t"  equals  2.12, 

L/hioh  i 

s  smaller  the,n  th 

0  5-percent  level  for  5  do- 

groGs  of  freedom. 

I.  Comparison  of  tho  Shrin^ag 

e  of  Different 

Body  Sorts  and  the  'ilntire 

"fTJSco 

Three  separate 

lots  of 

fleeces  v/cro  tes 

ted  and  the  shrinkages 

wore  obtained  on  six 

dif f ere 

nt  body  sorts  obt 

ained  from  one  "half"  of 

the  fleece,  v.rhile  th 

>j  other 

"half'"' of  the  ilo 

ece  v:as  scoured  intact. 

Table  15,   -  P-jrcentage  of  Shririkage  by  Fleece  Sorts  and  Grade 

Based  on  Laboratory  heights  of  Gretise  Wool 
and  13^^  Moisture  in  Scour. ;d  Wool 

Lot  No ,  1 


Grade  Fine      1/2  Blood    3/8  Blood     l/4  Blood    ill  Grad 


No,   of  Fleeces 

5 

e 

4 

3 

17 

j^Ij-'IiC ajj  SORTS; 

Shoulder 

63  o  7 

52,7 

53.1 

49,7 

55.5 

Side 

63,4 

62  oO 

63 . 2 

54.8 

61,6 

Back 

70.8 

64.0 

61.6 

57,3 

64.4 

Shoulder,  side 

and  back 

62.4 

Belly 

57,4 

w  e  o  o 

59.7 

46.5 

55.8 

Tags 

83,0 

82.0 

84.2 

76,3 

82.2 

Remainder 

59.4 

53 . 3 

58.7 

48,0 

54,5 

Total  1st  half 

66o9 

61,0 

62,8 

54,4 

61.9 

Intact  2nd  half 

68.5 

60.6 

51  •  2 

55.7 

62,0 

'..entire  Fleece 

67.6 

60.8 

62,0 

55.0 

61,9 

l/  Weighted  average. 

In  the  Fi?ie  fleeces  the  back  sort  is  the  closest  in  shrinkage  to 
that  of  the  entire  fleece.     In  the  l/2  Blood  fleeces  the  side  Y;as  tho 
closest.     In  the  S/S  Blood  fleeces  the  back  sort  xras  the  closest.     In  the 
-I/4  -Blood  the  side  v/as  again  the  closest.     In  several  instances  the 
differences  in  the  shrinkages  of  the  shoi.ilder,   side,  and  back  sorts 
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from  the  entire  fleece  were  veiy  close  to  each  other  and  it  yiHI  be 
noticed  that  in  the  case  of  all  grades  the  side  sort  T/as  almost  iden- 
tical in  shrinkage  to  that  of  the  entire  fleece.     It  will 
also  te  noticed  thJ3-t  the  shririkages  of  the  two  "  halves"  of  the  fleece 
were  close  together,  even  though  one  "half"    was  split  up  into  differ  — 
entsorts  and  the  other  "half"  was  kept  intact,  The  fact  that  neither 
"half"  of  the  fleece  v/as  consistently  lower  or  higher  in  shjrinkage  than 
the  other  indicates  that  the  distribution  of  the  shrinkages  of  the 
"halves"  was  a  random  one  and  it  made  little  difference  which  ha,lf 
was  divided  up.  These  results  confirm  the  biological  condition  of 
■anilate:-al  development  in  animals  in  which  one  side  is  identical  •'^ith 
the  other* 

The  shririkage  of  the  shoulder,   side,  .and  back  sorts  considered 
as  a  single  "iinit  am.ounted  to  62.4  percent,  which  is  higher  ths.n  the 
shrinkage  of  the  entire  fleece,  This  was  due  to  the  cxcessivel^'  high 
shrinlcagc  of  the  back  sort.  This  lot  Sio.l  consisted  of  typical  range 
fleeces  from  sheep  tha-t  grazed  in  a  sandy  and  windy  co"antry. 

^t  is  interesting  to  compo,rc  the  percentage  by  woi --ht  of  each  of 
the  body  sorts  as  compared  v;ith  the  total  half  ilooco  that  was  sorted. 

Table  IS.-  Lot  |io.  1 

Percentage  by  "eir£::ht  of  Total  Ealf  Fleece 


Grade  Fine  l/2  Blood  3/3  Blood  1/4  Blood  All  Grades 
FLEhCE  SORT: 

Shoulder  9.9  6.9  7.1  11.3  8.4 

Side  21.6  20.2  18.4  19.3  20.0 

Ba.ck  45.3  3C.5  33.4  35.1  39.1 

Belly  6.2  5.4  7.2  6.4  3.2 

Tags  5.9  c.O  9.6  6.1  6.9 

Remainder  13.1  23.2  19.3  21.3  19.4 


Total  100.  C  100.0  100.0  100.0  100.0 

The  shoulder,    side,   and  back  sorts  of  Lot  ITo.  1  ncjizc  up  a  very 
large  percentage  (67.5)  of  the  total  half  fleece  which  :-as  sorted. 

Tiie  relation  of  the  shoulder,   side,cjid  back  ^)ortions  to  the 
entire  half  fleece  for  all  three  sorts  gives  information  of  value  in 
setting  up  rules  for  toliing-a  random  sample  from  these  mrgor  body  areas 
in  tn:;  tied  fleece.    For  lot  ITo.  1  all  grades,   the  r)erccntages  for  these 
three  body  Torts  were  shoulder  12.5,   dide  29.6  and  ba.ck  57.9.   In  other 
words  in  fleeces  of  this  kind  aroiijid  l/S  of  the  handful  from  the  tied 
fleece  oho-jAd  come  from  the  shoulder,  2/3  from,  the  eidc,   nnd  5/8  from 
the  back. 

The  first  half  of  the  fleece  which  was  sorteo.  wa.s  heavier  in 
weight  in  all  grades  than  the  second,   or  intact  half  (52.4  as  compared 
with  47.5  percent). 
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Table  17.-  Pcrccnta-TO  of  ShrinkaA'o  "by  ^1ggc_g_SoxL?--^^2Q— ^^^iS. 

BaGcd  on  Laboratorj^  Weight  of  G-reasc  \1ool  ^ 
and  13^  Moisture  in  Scoured  Wool  - 

Lot  iTo.  2 


G-r.:ido 

Ilmibcr  of  fleeces 
J'leece  Sorts: 


. ITo  cf  rioecoa  and  ?ercentag:c  of  Shrinka,':::G 

1/2  Blood 


Jj  me 

,2o 


All  G-rades  -/ 

26. 


Shoulder 

45.0 

40.2 

44. 5 

Side 

51.3 

49.8 

51.2 

Back 

57'.1. 

55.9 

57.0 

Shoulder,  side  &  h-ack 

55.4 

Belly 

56.9,.    ■  '    .  • 

58.5 

57.1 

-1-  ^'(^  O 

78 . 2 

75.3 

77.8 

Remainder      ;  • 

50X2 

45.0 

49.5 

Total  first  half 

53.5 

51.7 

53.3 

Intact  second  half 

53 . 3 

52.7 

53.2 

Entire  fleece. 

Do  9^ 

52.1 

53.3 

i / We  i  gh t  e  d  Ave  rage . 


In  all  cases  the  side  sort  in  Lot  Ho.  2  v-as  the  closest  to  the 
shrinkar/c  of  the  entire  fleece,   but  the  difference  ran  around  2  percent, 
the  side  samples  being  lighter  in  shrinkage  than  the  entire  fleeces. 
fioYfevor,   the  combination  of  shoulder,   side,  and  back  sorts  gave  a 
shrinka  o  of  53.4  v/hich  v:a-:  almost  identical  v/ith  that  of  the  entire 
fleece. 

Table  18.-  Percentage  "by  ',7night  of  Total  Half  I'leecc 

Lot  no.  2 


Grade  Pine  l/2  Blood  All  Grades 
Pleece  Sorts: 

Shoulder  6.1  5.7  6.1 

Side  25.9  30.7  30.0 

Back                  '  35.6  31.7  35.3 

Belly  10.7  1C.5  10.7 

Tags  0.9  1.8  1.0 

Remainder  18.8  19.6  18.9 


Total  100.0  100.0  100.0 

The  shoulder,   side,  and  back  sorts  made  up  69.4  percent  of  the 
total  half  fleece  which  was  sorted  in  the  case  of  Lot  Ho. 2 

The  relation  of  the  shoulder,   side,  and  back  portions  as  compared 
Yjith  the  total  for  all  three  sorts  gives  information  on  the  proportions 
of  vrool  that  should  be  talcen  from  each  body  area  (sort)  when  sampling 
from  tied  fleeces,     Por  all  grades  in  Lot  Ho. 2,   the  percentages  by  weight 
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for  tiienc  three  ''Dod.y  sorts  vrerc  shoulder  8.8,    side  43.2,   o.nd  "back  48,0. 
In  fleeces  of  this  typo  the  proportions  tal^en  from  the  different  body 
sorts  in  the  tied  fleece  v/ould  be  aro'ond  9  percent  fro--  the  shoulder, 
43  percent  from  the  side,  and  48  percent  fron  t-ie  bacJ.v. 

The  first  half"  fleece  that  was  sorted  is  again  heavier  in  weight 
than  the  second  or  intact  half  fleece  (54.3  as  compared  to  45.7  percent). 


Tahle  19.-  Perce 

nta^;e 

of 

Shrink  cT;^ 

c  'oy  Fleece 

Sorts  and 

Breeds 

Based 

.  on  Labor 

atory  Wo 

ight  of  Grea 

so  Wool 

DIlCl  13 

!oi  sture 

in  Scoured  Wool 

Lot  IJo. 

o 

1^  1 

-Tore  en  t 

of  Shrinkag 

S  r  c  0  d                        Ramh  oui 1 1 

et 

Tar ghee 

Corriedale 

ColunDia  All  Bret 

¥.0  of  Flo.: cos 

10 

10 

Q 

10 

39 

J'leece  Sort: 

Shoulder 

52 . 6 

51.2 

47.9 

45.7 

49.5 

Sivie 

55.  3 

51.3 

46.2 

52.3 

Back 

55.1 

55.7 

52.8 

49.2 

53 . 5 

Shoulder,  side,  bacli 

54.9 

55. 5 

51.5 

47.7 

52.5 

Belly 

62.4 

62. 9 

59.8 

59.5 

61.3 

Tags 

81.3 

83.7 

76.8 

80.5 

60.4 

Remainder 

5d.  9 

54.3 

50.1 

49.1 

52.4 

Total  1st  half 

55.7 

56.8 

53.0 

5  u » 5 

54.3 

Intact  2nd  half 

56.8 

56,8 

52.9 

50.5 

54.3 

Entire  fleece 

55.7 

56 .  u 

53.0 

50.5 

54.3 

?J"eightod  Avero-ge 

In  all  of  the  hreeds  except  the  PLambouillot  (  djiCl  even  there  the 
difference  is  very  small),   the  back  sort  was  the  closest  to  the  entire 
fleece  in  shrinlcage.     ^he  difiorcnce  in  shrinl:agc  between  the  hack  area 
and  the  entire  fleece  was  very  small,  being  less  thcji  1  percent,   in  all 
breeds.     The  first  aiiCL  second  lioAves  \:ere  almost  identical  in  shrinl^:agc. 

To'Dle  20.-  Percentage  by  Weight  of  Total  Kalf-Plecce 

Lot  I'To.  3 


Breed 

Pleece  Sort: 

Rambouillet 

Tar ghee 

Corriedale 

Coluihbia 

All  Breeds 

Shoulder 

7.1 

7.0 

7.4 

6.5 

7.0 

Side 

IS.S 

18.7 

18.8 

16.9 

18.6 

Bci.ck 

26.1 

27.4 

24.8 

26. 5 

26.2 

Belly 

11.5 

10.9 

10.6 

9.5 

1015 

Tags 

2.5 

3.2 

4.  4 

3.3 

5.3 

Remainder 

3-3.0 

32 .  o 

34.0 

37.3 

34.3 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

>./  Weighted  Average. 
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The  shoulder,   side,  c-.nd  hack  r^orts  of  Lot  Wo.  3  made  up  51.8 
percent  of  the  total  hali-flooce  -hen  nortcd.     The  remainder  portion  of 
the  fleece  which  conBistcd  of  Lritch,  doch,  hip,  neck,  head,  and  legs 
amounted  to  much  ;]ore  in  these  fleeces  than  in  the  other  two  lots;  and 
conversely  the  sho-older,   side,  and  hack  sorts  were  smaller  than  in  the 
other  lots  (51.8  against  69.4  and  67.5).  These  three  lots  show  the  groat 
v^iriation  in  the  quantities  of  the  different  fleece  sorts  according  to 
the  condition  of  the  fleece  and  the  Dulkiness  of  it,   dependent  upon  the 
size  of  the  sheep  on  which  the  fleece  was  grown.     The  Golumoia  is  the 
largest  and  most  robust  of  the  breeds  of  sheep  in  Lot  IJo.  3,  and  tnis 
Dreed  shows  a  large  percentage,  by  weight  in  the    hack  and  rem;iinder  sorts. 

The  relation  of  the  shoulder,   side,  and  hack  sorts  to  the  total 
of  the  three  sorts  gives  information  of  value  in  taking  samples  from  tied 
fleeces.     In  Lot  lie.  3  for  all  Drecds  the  percentage  hy  weight  for  these 
three  sorts  was  shoulder  13.4,   side  35.9,  and  hack  50.7.  The  proportions 
to  he  talcen  from  tied  fleeces  similar  to  those  in  Lot  No. 3  v/ou.ld  he 
aro'ond  13  percent  from,  the  shoulder,  36  jjorcent  from,  the  side,  and  51 
percent  from  the  hack. 

The  compo.rison  of  the  different  fleece  sorts  -dthltthe  entire 
fleece  in  respect  to  shrin]ca,ge  gives  some  interesting  results  when  all 
three  lots  are  listed  together. 

Table  21 . ~  Shrinkages  by  iFloeco  Sorts  for  oil  Gro^des  and  Breeds 

Ba^sed  on  Laboratory  Weight  of  G-rease  Wool 
and  13^'b  ivloisture  in  Scoured  Wool 


Lots  |Ip.  1,  2  and  3 


I'loece  Sorts 

Percent  of 

Shrinko.ge 

Lotl-Io.  1 

Lot  ITo.2 

Lot  rJo.3 

All  Lot; 

Shoulder 

55.5 

44.5 

49.5 

49.8 

Side 

61.6 

51.2 

52  •  3 

55.0 

Back 

64.4 

57.0 

53.5 

58.3 

Shoulder,  Side  and  B^ck 

62.4 

53.4 

Ro  c; 

56.0 

Belly 

55.3 

57.1 

61  •  3 

58.1 

Tags 

82.2 

77.8 

80.4 

80.1 

Remainder 

54*5 

4^-5 

52.4 

Total  Pirst  Half 

61.9 

t)3 . 3 

54.3 

56.5 

Intact  Second  Ralf 

62.0 

53.2 

54.  3 

Entire  Fleece 

61.9 

53. 3 

54.3 

56.5 

Considering  all  three  lots  as  a  "anit  the  combined  shoulder,  side, 
ai'id  back  fleece  sorts  showed  Ou  shrinkage  ^-/hich  corresponded  closely 
withthat  of  the  entire  fleece  (difference  of  0.5  percent).  Of  the  indiv- 
idual fleece  sorts  the  side  gave  a  shrinkage  vliich  most  closely  approach- 
ed that  of  the  entire  fleoce( difference  of  -1.5  percent),  ^he  two  halves 
of  the  fleece  ho.d  exactly  the  same  shrinkage. 

The  proportionate  amoujit  of  the  different  fleece  sorts  by  weight 
for  the  three  lots  individually  -and  combined  are  shown  in       .  table  22. 
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T£Mo_22.-  pGrcoiit-a,2:c  "oy  ;7oi;^ht  of  rieocG  Sorts  to  Half-^^lcocG. 
in  all  Breeds  •:..:id  G-radon, 


— _  

Lot  j'To."! 

Lot  rJo.  2 

Lot  i\To •  o 

All  Lots 

Shoulder 

8 .  4 

6.1 

7.0 

7.2 

Side 

20.0 

30.0 

18.6 

22.9 

Back 

39.1 

33 . 3 

26.2 

32.9 

Bell7 

6.2 

10.7 

10.6 

9.2 

Tags 

6.9 

1.0 

3 . 3 

3.  7 

Romainder 

19.4 

18.9 

34o3 

24.2 

Total 

100.0 

100.0 

100.0 

lOC.O 

The  shoulder  made  up  a  rel.-.tivoly  sno.ll  part  of  the  half-fleece 
vjhich  viCiC  sorted.     The  hack  area  -  -as  tiic  larj^ost  of  the  fleece  sorts, 
while  the  side  and  remainder  are  the  next  l-OTj^cst.  The  co:.fbined  shoulder, 
side,   and  "back  sorts  made  up  62,9  percent  of  the  fleece  in  all  lets. 

PROPOETIOI^S  OP  PLEPCE  SORTS  Ih-ORTAi'T  IN  SAI.3^LI:TG 


The  relation  of  the  shoulder,   side,   and  hack  sorts  to  the  total 
for  all  three  sorts  {":ivos  inf ormodion  oi  value  in  determining  the  por- 
tion of  \Tool  to  talie  from  oach  of  t'loso  sorts  vihcn  takin %  o.  random 
sarnple  from  the  tied  fleece.     The  fi^rares  for  the  different  lots  and 
all  lots  are  shovrn  in  table  23. 

Table  23.-  Pcrccnta^;e  of  Totol  h"  Y^oi^dit  of  Pleece  Sorts  by  Lots 

Plcece  Sort  (Body  Apca)    -  


Lot  No.l  Lot  ITo.  2  Lot  ho.  3    All  Lots 

Shoulder                                      12.5  8.8  13.4  11.6 

Side                                             29.6  43.2  35.9  35.2 

Back                                             57.9  48.0  50.7  52.2 

Total                                        100.0  100.0  100^0  ico'c" 


The  raidom  samples  draxTn  from  tied  fleeces  on  the  basis  of  these 
three  lots  should  contain  52  percent  of  back  vrool,  36  percent  of  side 
wool,  and  12  percent  of  shoulder  wool.  In  the  past  the  taking  of  samples 
ho.s  boon  based  almiost  entirely-  on  the  jud^^nent  of  the  person  wdio  was 
sampling.  Now  we  have  some  definite  inf ori.io.t ion  on  the  proportions  of 
Gach  of  these  body  sorts  to  inclLide  in  order  to  have  proper  represen- 
tation of  each  of  the  three  sorts  in  a  random  s.ample.     The  first  hodf 
of  the  fleece  in  all  breeds  amour!.ted  to  53.6  percent  of  the  total  'oy 
v/eight,   while  the  socond  or  intact  half  of  the  fleece  cunountod  to  46.4 
percent . 

A  Comparison  of  tr.'.e  Sh rinkage  of  Side  and  Pane om  Saiiplcs 
lith  the  Shrinkage  of  the  Entire  PleeccV 

The  shrinkage  of  a  side  sr^rolo  ta'on  from  the  fleece  before 
shearing  was  ccmpared  with  the  s'.rinkage  of  a  r:-iid::n  sample  taken 
after  the  fleece  had  been  tied  and  with  the- ultimate  shrinkage  of  the 
entire  fleece  v'hen  it  was  scoured. 
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Tablo  24.  Slirinka;qGs  of  Sr-^j^ples  cmd  of  Fleoccs 

Lot  ITo.l 


15  PlcocGs  f rom  oacli  Pc:--cent  of  Sl-iriiik^Lj^c  

Breed  •  Hriinbcuillot    To.rt^hoo    GorriGclr.lo    Colcunt  ir.  AllBrocd 

Sido  58.3  56.1  53.0  51.5        '  54.9 

■  R:-vndom  57.7  57.4  53.9  53.4  55.8 

RcnaindGr  59.1  57.9         ,54.2  54.8  55.4 

Entire  Plecco  59.0  57.9  54.1  54.7  56.3 

Djf croncog.  in  Shrinhare  Usin'^:  the  Entire  j'lcece 

as  Baeo 

Side  -0.7  .  -1.8  '  -1.1  -3.2  -1,4 

Random  -1.3  -0.5  -0.2  -1.3  -0.5 

Rernaindor  +0.1  0.0  +0.1  +0.1  +0.1 


i/wGi,-l 


^^litod  Avcraro 

Tho  randoLi  sanplos  in  the  case  of  all  breeds  were  nuch  closor 
than  the  side  sainplcs.   (talDlo  24)     '-^'hcsc  tests  iiidicato  that  the  rendon 
SM-]ples  rojvo  hotter  indications  of  the  shrinkage  of  fleeces  thaii  did 
the  side  s  "uup  1  e  s  • 

It  is  intcrestine;  to  conpare  the  size  of  the  rar-.don  and  side 
s::i-iplos  in  Lot  Ho.  1, 

Tabic  25.  Percenta.'ps  of  E^ich  S>i.nplc  hy  ?7ei;::;ht  to  the  Entire 
Elcecc  in  the  Different  Breeds 

'  Lot  ho.  1. 

15  ^^lecces  from  each 


Breed  Raiihouillet '  Targhee  Corricdale  Colirhoia  All  Breeds 

Eleece  Sainplo  1/ 

Side  2.2               1.9           1.6  1.6  1.8 

Random.  3.1               2.7            2.1  2.0  2.4 

Remainder  94.7             95,4         96.3  96.4  95.8 

Entire  Eleece  100. 0  100.0        100.0        100.0  100.0 

i/ Weighted  Average 

The  rendcm  samples  ■Tere  slio'litly  lar^^er  tjiOJi  the  side  samples. 
The  average  vreirdits  of  the  side  samples  for  all  breeds  '.vas  84  .5r.am3, 
while  the  rojidom.  samples  for  -aH'ot'oeds  on  the  o.vera,;-^;e  r.-Gi!r:hed  114-  grams. 

The  results  indicated  that  side  -aid  hack  samples  -jere  usually 
closer  in  shrinl:agc  to  the  average  for  the  entire  fleece  than  scsnplcs 
from  other  body  areas.     The  results  further  irdicated  that  the  shrinkage 
of  a  sample  made  up  of  shoulder,  sido ,  anc"   back  samples  v;as  closer  to 
the  shrinkage  of  th...  entire  fleece  than  any  single  body-a:.ea  sa^iplc, 
in  the  miajority  of  cases.  This  o-as  substantiated  'bj  the  results  obtain- 
ed v.dth  side  rjid  re^idom.  samples  in  v-hich  the  random  saiuples  ^.vere 
closor  in  slirinkage  to  the  shrinL:age  of  the  entire  fleece  than  v/ere 
the  sido  samples.     These  random^  samples  v/ere  taiien  from  the  tied  fleeces, 
selecting  -jool  from,  the  shoulder,   side,  an;',  back  sorts* 


Shrinko.rcs  of  Siclo .  Ear. do  aji 
Y-dtli  th.c  Sliriiilicifi'e  of  the 

In  connection  with  the  shrinlx.r;c  tont  cf  the  side  rnd  randon 
scunplcs  ciG  ccnparcd  v.dth  the  shrin"':ar.;c  of  the  entire  f^.ecce,  a-ofjupple- 
rnentary  test  was  nade  of  snail  hlcnded  s-ani^loE  nade  np  from  the  renainder 
of  the  fleece  to  see  hov;  accurately  they  indicated  the  Ghrinha':o  of  the 
fleece.     Three  40O-f];rcJ.i  blended  sanples  wore  prepared  iron  the  reoednder 
of  the  fleece  ;uter  the  side  and  randon  soxiples  had  been  renoved.  These 
hlended  samples  were  nade  up  oy  running. the  remainder  of  the  fleece 
throu£;h  the  duster  tv/ice  ojid  nc-^cinf;  u-g  the  sarnplcs  by  repeated  qyaarter- 
ing. 

This  test  ^avo  an  indicatien  of  the  practicability  and  nccuracy 
of  obtaining  samples  of      fleece  by  using  the  duster  so  tnat  all  of  the 
wool  v/ould  not  need  to  to  scoured.     This  is  particularly  inportant  in 
its  application  to  prelinina.ry  results  when  fast  and  accurate  results 
are  required.    Four  Corriedale  fleeces  aiid  three  fleeces  each  fron  Col- 
u.-bia,  Ranbouillet,  and  Ta„rghee  sheep  were  used  in  the  test  of  hlendcd 
samples. 

Ta"blo  26 «-  Shrinharges  Q--  SeJ-rples  and  Breeds 

Based  cn  Laboratoi"y  Weight  of  G-rease  Wool 
and  13fo  Ivioisttire  in  Scoured  Wool 


Shriid:a:';es  in  Percent 


Breed  R, 

rnhbouillet 

'T'ar  <•■'"' "lec 

Corriedal 

e  Gol-u'ibia 

All  Brec' 

Sar.pl  e 

Side 

57.6 

50.7 

58.0 

55.  0 

57.3 

Rct-ndom 

54.3 

57.5 

56.8 

55.8 

56.0 

Blended 

No.l 

58.5 

59.3 

53.2 

54.7 

57.5 

I^To.2 

58 . 4 

Rf  O 

57.6 

54.5 

57.1 

No. 3 

58.3 

59.2 

57.6 

5''1.  5 

57.2 

All 

58.3 

59 . 1 

57.8 

5-'':.  5 

57.5 

Remainder 

58.9 

60.0 

57.9 

55.1 

58.0 

Entire  Fleece 

58 .  5 

59 . 7 

57.8 

54.9 

57.7 

i/ We  i  gh t  e  d  Ave  rage . 

Differences  in 

Shrinlca.;- 

"res  Between 

Sonplos 

ds  i/ 


And  Fleeces  tJsing  Entire  Fleece  as  Base 


:  Blended  Samples  . Compared 
Er.tire  Fleece. 


Breed              Ra^.fbouillet  t  Tar  ghee  Ccrricdale  Colnifbia  All  Breeds 

Fleece 

Se;Tple 

Side                    -1.0           +1.0             +0.2  -1.9  -0.4 

Random                -4.3             -2.2             -1.0  -0.9  -1.7 

All  Blended       -0.3             -0.6             +0.0  -0.3  -0.4 


Remainder  +0.3  +0.5  +0.1  +0.2    '  ^0. 


o 


In  this  test,   with  15  fleeces  represented,   the  side  sarrple  was 
closer  in  shrinkage  to  the  shrinhage  of  the  entire  fleece  than  were 


tlic  random  sarnplos.  T  ho.  main  object  of  tl.o  tost  -vith  tho-c  13  flcccos 
'.vac  to  find  cut  uhothcr.  rcproecntativo  400- .-ran  caaplcs  coul-.l  bo  obtain- 
ed f ron  the  roiiaindor  of  the  fleece  by  blondinr  the  vrool  tlirour^h  the 
duster  tv-ico  and  then  scloctin£;  three  400-;-jrai:i  ijsarolcr..  Tlio  blended 
canples  differed  by  Iocs  t- em  0.5  per  cent  in  shrinka:;©  iron  the  entire 
fleece,  and  this  result  indicates  that  the  snail  blended  sa:iplec  nero 
very  representative  of  the  fleeces  iron  vjhich  they  v.'ere  obtained,  Ihc 
ronainder  of  the  fleece,  after  the  side  /ind  random '  sozrolos  had  boon 
removed,  v/as  very  close  in  shri:.i]^a;;'e  to  that  of  the  entire  fleece  edth 
all  of  the  scxrplcr.  included.  ITlien  the  blended  samples  yore  conparod 
directly  yith  the  "remainder"  of  the  fleece  from  which  they  yore  tahon, 
the  difference  in  shrinha.f^e  amc-unted  to  around  0.7  ;;jercent. 

A  Comparison  of  Random  end  Cor.-iorcial  Samples  and  5-Bry-  Lots 

Shrinkare  tests  of  samples  and  5-br\y  lots  --ore  carried  on  in 
cooperation  yith  the  Kation;;!  T70ol  We^r'xtin^;  Corporation.  Pive  of  the 
Wyoming  clips  soxiplcd  in  the  field  durin  •  the  shcarin  ■;  season  of  1937 
vjore  later  locooted  .at  the  vraroheuso  of  trie  iNTational  YIool  ILarhctin.;;: 
Gorpora,tion  aaid  arrangements  v/cre  m.ade  for  a  cooporativo  toot.  Five^bag 
lots  yore  selected  outof  the  different  clijis  acccrdine-  to  coreicrciol 
motheds.  The  five  bays  yore  selected  from  25  bays,  yhich  had  boon  laid 
out  b}'  the  llational  I7ool  monmeetiry:  Corpor- '.t ion.  This  selection  eeas  made 
on  the  basis  of  v/eight  and  corresi-iondencc  of  grade  to  th:  description 
given  in  the  records  of  the  corporation.     The  25  bags  ir;:im  yhich  each 
selection  v/as  ma,dc  v/ere  not  opened  up,  but  the  scales  of  tlio  bags  yoro 
opened.     It  yas  net  possible  to  eiei^e  a  careful  ezauination  because  the 
clips  yore  stored  in  an    'onheated  v/arehouso. 

The  5-bag  lots  i:ero  talien  to  a  scouring  plant  and  saepled  there. 
Sa^eples  ycre  tahen  by  tyo  operators  in  tvfo  series.     One  scries  yes  ta.ien 
according  to  the  judgeent  of  the  operators  and  called  the  co-y.ercial  sai>» 
ples,  and  the  other  series  taiion  o,coordiny  to  the  usual  mechanical 
method  used  in  the  field  and  colled  the  random  samples.     The  shrinkage 
information  from  the  5-bag  lots  scoured  at  the  comeercial  scouring 
plant  and  the  small  cami^les  telcen  at  the  elait  and  at  the  shearing  shed 
are  shovjn  in    Table  27. 


Ta'ble  27.-  Cornparison  of  the  Shrinka.ge  of  Eandoin  and  Commercial 
Hand  Samples  ^^^ith  5-Bag  Lots.   (Sample  Bags).  . 

5-Bag  Lots  Scoured  at  a  Ccmmercial  Scoraring  Plant 
Samples  taken  by  Operators  Wo.l  and  2  at  Scouring 
Plant  and  Scoured  at  A.M.S.  Lalooratory 
Shearing  Shed  Samples  taken  "by  Operator  No.  1  and 

Scoured  at  A.  M.   S.  -L-ab oratory. 
Shearing  Shed  Samples  taken  "by  Operator  No.  2  and 

Scoured  at  Wyoming  Laboratory 


Samples  and  Ope  raptor 

:  Clip 

Clip 

Clip 

!  Clip 

:  Clip 

:    No.  1 

No.  2 

No.  3 

No.  4 

No .  5 

—  1 — 1  

5-Bag  Lots  1/  ^ 

66.85 

' bo. 65 

65.55 

67.  64 

63.25 

Scouring  Plant  Samples  ~' 

Commercial  - 

Operator  i^o.  1 

66.06 

67.45 

65. 35 

65. 35 

63.08 

Operator  No.  2 

66.51 

66.24 

62.83 

65.37 

64.27 

Both 

66 . 28 

66. 8§ 

64.02 

66.10 

63.65 

Random 

Operator  No.l 

65.66 

65.55 

63.91 

67.17  . 

61.22 

Operator  No.  2 

66.18 

68.28 

63.21 

67.24 

■  62.33 

Both 

65.96 

67.09 

65.  54 

67.21 

61.87 

All  Scouring  Plant 

Samples 

Operator  No. 1 

65.85 

66.55 

64.54 

66.49 

62.06 

•Operator  No. 2 

66.31 

67.36 

63.04 

66.87 

63.10 

Both 

66.10 

66.98 

63.75 

66.70 

62.61 

All  Shearing  Shed 

Samples  at  Wyoming  3/  4^  ^J' 

Operator  No.l      ^  65.59        70.93"  65.84  66.76  62.02 

Operator  No. 2  65. 9o        69.37  53.01  54.71  58.96 

Both  65.73        70.37  65.06  66.03  60.93 


1/ Shrinkage  of  5--'bag  lots  based  on  "billed  weights  of  .grease  ^70ol  and 
conditioned  weight  of  scoured  wool. 

-/ Shrinkage  of  all  scouring-plant  samples  "based  on  conditioned  weights, 
"both  grease  and  scoured  v/ool. 

5/  Shrinlcage  of  all  shearing- shed  samples  at  Wyoming  taken  by  Operator 
No.  2  "based  on  shearing- shed  weight  in  grease  and  natural  atmospheric 
conditions  for  scoured  wool. 

4/ 

Samples  taken  from  a  straight  "Fine"  "band  "Chute  cut"  for  fine  grade  in 
autumn , 

5/ Weighted  averages  for  three  different  'bands  which  awere  sampled  at 
shearing  shed. 


Shrinkage  of  all  sheoring- shed  samples  tsken  "by  Operator  No.l  "based 
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on,  sorting  weight  in  grease  and  conditioned  weight,  for  scoured  wool. 


The  shrinkage  of  four-  out  of  the  five  groups  of  samples  taken 
at  the  plant  were  within  1  percent  of  the  shrinkage  of  the  entire 
5-bag  lot.     All  of  the  group  of  samples  except  one  shrank  slightly  less 
than  the  entire  S-lDag  lot.     The  commercial  samples  showed  slightly  less 
variation  from  the  entire  S-hag  lot  than  the  random  samples. 

Comparison  of  Shrinkage  of  Small  Samples  ?/ith  Shrinkage 
of  9ul3lot s  and  Entire  Lots 

A  sublet,   consisting  of  aooroximately  10  hags  spaced  at  equal 
numerical  intervals  throughout  the  lot,  was  laid  aside.     The  "bags 
of  the  suhlot  were  opened  and  each  of  the  fleeces  was  placed  in  its 
proper  grade  pilei   Samples  (handfuls)  of  vool  were  then  taken  from  each 
fleece,  wool  "being  selected  from  the  major  "body  sorts  (shoulder,  side, 
and  hapk)  which  make  up  aoproximately  95  percent  of  the  fleeces  "by  weight. 
In  the.  case  of  graded  lots  it  was  not  necessary  to  make  up  the  different 
grade  piles,  and  the  fleeces  were  sampled  as  they  7^ere  removed  from  the 
"bags . 

1'hree  different  lots  were  tested  (Wyoming  Original  Bag,  Montana 
Graded  l/2  Blood,   Idaho  G-raded  l/2  Blood).     Table  28  shows  the  structure 
of  these  lots,   sublets,  and  the  samples  made  up  from  them: 

Table  28.,-  The  Number  of  Bags  in  the  Entire  Lot  and  the 
"  .  dumber  of_  Bags,  and  Samples  in  the  Sublet 


Lot 

Wyoming  Original  Bag 
Montana  G-raded  1/2  Blood 
Idaho  G-raded  l/2  Blood 


82 
126 
258 


Entire  Lot  '  

No .  Bags        I\fo .  Bags 


9 

10 
10 


Sublet 


No.  Samples 


6 
24 
12 


The  number  of  samples  varied  because  after  th-^^  first  lot  was  run 
additional  samples  were  run  in  the ■ second  lot  to  test  repeated  sampling 
by  two  operators.     In  the  third  lot,   duplicate  samples  were  tciken  by  one 
operator.     The  samples  were  taken  from  the  tied  fleeces,  and  then  the 
fleeces  wore  untied  and  sorted.-      The  mill  used  only  the  main  body  sorts 
which  amounted  to  95  to  96  perceuit  of  the  total  by  "•■^ight.     The  off  sorts 
including  tags  were  not  scoured. 


In  one  lot,   a  corrected  yield  was  calculr.ted  for  the'  entire  un- 
sorted  fleece  by  obtaining  the  shrinkage  of  a  saraole  of  tags  and  correct- 
ing for  the  weight  of  the  tag  sort. 

The  sampling  method  used  has  al^-^^ays  aimed  to  obtain  representa- 
tive samples  from  the  shoulder,   side,  and  back.     Wool  samioles  taken 
from  these  body  areas  are  directly  com-oarable  '^^ith  the  orocessed  mill 
lots  which  consisted  of  the  major  sorts.  • 


LABOHATORY  j.STHCD  0?  SCOUHIITG 

Tho  scouring  procedurG  oonsisted  of -pass i-ng  the  samples  through 
a  wool  duster  and  then  floating  thora  through  a  seni-cor-unercial  scouring 
plant  made  up  of  6' howls  measuring  10  feet  long,  18  inches  wide  and 
18  inches  deep.     The  formulas  used  in  the  scluticns  for  the  first  3 
"bov.-ls  were  made  up  as  follows: 

Percent  Pirst  Second  Third 

by  Weight  ■    Bowl  5ov/l  '  Sowl 

Soap  .    l/lO  1/2  •:-  1/4 

Soda  1/4  l/lO  l/lO 

The  last  three  howls  contained  rinse  v:ater.     Tho  wool  was  divided  into 
portions  of  approximately  2,000  grams  and  floated  through  the  scouring 
liquor  oy  hand  and  fed  through  the  squeeze  rolls  between  each  bovjl. 
Each  bovrl  was  equipped  with  a- ;porf orated  movable  tray  that  could  he 
raised  out  cf  the  solution.     The  bits  of  wool  that  saalc  in  tl-o  solution 
MOTQ  recovered  hef ore  they  dropped  to  the  "bottom  of  the  bowl.  The 
temperature  of  the  baths  in  the  different  hc-'ls  was  hept  at  120  degrees 
F.  Y/hen  the  wool  came  out  of  the  last-  squeeze  roll,   it  T:as  conveyed 
through  a  commercial  drj.'cr  at  a  term^craturc  of  130-140  degrees  F.  The 
scoured  wool  -.vas  then  placed  in  containers  ojid  left  to  strand  overnight, 
so  that  the  moisture  present  in  the  wool  wo'old  be  equally  distributed 
throughout  all  of  the  wool.  Then  it  was  run  tlirough  a  wool  duster  and 
weighed.     Subsanroles  were  taken  from  each  sample  in  proportion  to  the 
quantity  of  scoured  wool  in  the  sample.  Those  subsamnlos  were  dried  to 
a  constant  weight  in  a  conditioning  oven.    All  final  scoured  v^eights 
were  correctdd  to  a  oasis  cf  12  percent  of  moistcTe.  Tests  were  made  on 
the  cleanliness  of  the  scoured  v;ool  by  means  cf  soxhlot  and  alcohol 
extractions,  and  ashing  on  a  nu^nher  of  samr:;)les  (A.  S.T.i.i.  Design.ation 
D252— 5b ) • 

The  scouring  of  the  large  lots  of  v/col  at  the  mill  was  carried 
on  by  the  usu^l  comincrcial  prGced"uro  ond  checks  v.-ere  made  on  the 
cleanliness  of  the  scoured  vrool.  The  yidd  of  tho  lots  was  reported  as 
the  yield  of  top,  noils,   sluboing,  and  card  waste.  This  yield  includes 
practically  all  of  the  scoured  wool. 
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Talale  29. -  Comparison  of  the  Shrinkaf^.__ol_.,ScU^^^^^ 

and  Sntire  Lets. 

Shrinkages  of  Samples  Based  on  Yield  of  Scoured  Wool 
Containing  12fo  Moisture. 

Shrinkages  of  Mill  Lots  Based  on  Yield  of  Top,  Noil, 
SluhlDing,  and  Waste  Containing  12^o  Moisture 

Lot  All  Samples   Sub-  Entire 

Mean  Stand.  Dev.        lot  lot  

Wyoming  Original  Bag  56.4        1.887  57.0  -'>6.8 

Montana  Graded  l/2  Blood  59.7        0.980  60.4  58.5 

Idaho  Graded  l/2  Blood    ,         55.6        0.5^-4  54.6  53.4 

Difference  in  Shrinka.?e,  Using  the  Entire  Lot  as  a  Base 

Sublot  All  Samples 

Wyoming  Original  Bag  +0.2  -0.4 

Montana  Graded  l/2  Blood  +1.9  +1.2 

Idaho  Graded  l/2  Blood  +1.2  +2.2 

The  samples  showed  shrinkages  within  2.2  percent  of  the  entire 
lot,  and  in  most  cases  the  shrinkages  of  the  samples  were  higher  than 
that  of  the  entire  lets.     The  variation  of  the  different  samples,  as 
indicated  hy  the  standard  deviation  was  greatest  in  the  Wyoming  lot 
with  6  samples;   intermediate  in  the  Monta.na.  lot  with  2h  samT)les;  and 
smallest  in  the  Idaho  lot  with  12  samples.     These  differences  in  shrink- 
age between  the  samples  ana  the  entire  lot  show  not  only  the  error  in 
sampling  the  sublot,  but  also  the  error  in  selecting  the  sublot  from  the 
entire  lot. 

It  is  interesting  to  compare  the  shrinkages  of  the  samples  taken 
frcm  each  sublot  against  the  sublot.  In  this  case  the  differences  are 
as  shown  in  table  30. 

Table  30.-  Differences  in  Shrinkage  bet^^^e:-n  Samples  and  Sublot. 
Samples  Taken  from  Sublot.   Sublot  Used  as  Base 

Wyoming  Original  Bag  -0.6 
Montana  Graded  l/2  Blood  -0.7 
Idaho  Graded  1/ 2  Blood  +1.0 

The  correspondence  of  the  samples  ana  the  sublets  from  which  the 
samples  were  taken  is  very  close.     It  gives  encouragement  to  the  program 
of  finding  a  sampling  method  that  will  give  representative  shrinka.^^es 
and  gr^'des  from  a  larger  lot.     However,   it  also  points  out  that,   in  order 
to  obtain  such  results,   the  tags  must  be  removed  which  is  further  confirm- 
ed by  the  results  obtained  in  comparing    composite  bags  and  samples 
taken  from  them. 

There  is  still  the  problem  of  obtaining  a  sublot  (approximately 
10-bag  lot)  which  will  represent  the  larger  lot.     In  this  study  the 
differences  in  the  shrinkages  of  the  sublot  and  the  entire  lot' were  all 
under  2  percent.     In  all  cases  the  sublets  had  higher  shrinkages  than  the 
entire  lots. 
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The  figure  of  2  percent  in  diifcrGnco  between  scjaplcs  has  been  sot  up 
as  DJi  acceptable  difference  insofar  o.s  practical  information  to  the  wool 
grov/er  is  concerned. 

The  close  correspondence  of  the  shrinlca^;e  results  hetwecn  simll 
samples  and  large  lots  of  v/ocl,   in  the  three  large  lots  tested  to  date, 
is  very  encouraging  and  gives  substantial  sup^oort    -to  the  program  of 
obtaining  rejjresentative  sanplos  of  wool  fron  a  cli"o  or  large  lot  of 

\70  0l. 

In  the  mill  v/ork  only  t-z^o  najor  sorts  -./ore  processed,  therefore 
to  oe  applicahlc  to  field.  v;ork  in  vhiich  the  entire  fleece  has  been  the 
unit,   soLie  allowance  would  need  to  be  raade  for  tags  and  the  snail  quanti- 
ty of  neck  and  britch  v/ool  that  vras  removed  when  the  wool  -/as  sorted  at 
the  mill.     As  mentioned  before,   the  sampli?ig  method,  has  been  predicated 
on  the  basis  of  taking  handful s  of  wool  fron  the  shoulder,   side,  and 
back  areas  of  the  tied  fleece,  which  make  up  the  najor  part  of  the  fleece. 

In  the  mill  tests  of  shrinkage,   the  entire  lot  consisted  of  the 
major  body  sorts  with  the  tags,  neck  and  "britch  wool  removed.  The  samples 
Y/ere  taken  hefore  the  wool  was  sorted  but  did  nut  contain  cmy  tags,  neck 
or  britch  wool  and  hence  wore  directly  comparakle  v;ith  the  entire  lot 
as  it  was  processed  at  the  mill.   In  one  lot  of  wool  tested  at  the  mill 
a  sainple  of  tags  was  taken  and  the  shrinkage  of  the  lot  was  corrected  to 
allow  for  the  tags.     The  inclusion  of  the  tags  increased  the  shrinko.ge 
of  the  lot  by  0.6  percent. 

Another  basis  for  thu  comp.'.,ri son  of  the-  sublets  and  the  entire 
lots  vies  in  the  percentage  by  wei..ht  of  the  different  grades  in  the 
original  - hag  lot  of  Wyoming  wool. 

Table  31. ~  Percentage  of  G-?t.-ades  "by  Weight  in  Entire  Lot  and 
SiiD-lot  .  91  Bar:s  of  Original-Bag  Wyoming  Wool 


Grade 

Entire  Lot' 

Suhlot 

82  Bags 

9  Ba-s 

Pine 

25.85 

16.14 

1/2  Blood 

65.89 

75.58 

3/8  Blood 

6.77 

7.77 

G-ray 

0.49 

0.51 

Total 

100.00 

100.00 

There  was  aro-und  a  9  percent  difference  in  tiie  ?ine  and  l/2 
Blood  grades  between  the  entire  lot  -mad  the  sublet.     The  sublet,   as  an 
indicator  of  the  entire  lot,   had  9  percent  less  of  the  Fine  grade  and 
9  percent  more  of  the  l/2  Blood  grade.  Thus,   it  vras  difficult  to  pick 
out  representative  hags  from  a  lot  miless  the  shearing-shed  iijform.ation 
was  known.     This  was  strikingly  shov.ai  in  some  grading  work  carried  on 
at  the  shearing  shed  during  the  1938  shearing  season,   in  which  the  first 
bags  shorn  fron  each  hand  contained  considerably  more  mediuj:::  to  coarse 
wool  and  less  fine  wool  than  the  last  bag  shorn  from  each  band.  The 
information  from  this  clip  is  shov;n  in  table  32. 
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Table  55 . -  Percentage  of  Grades  "by  '7e i^^ht 


Grade 

First  -^ag 
in  Band 

Last  Baf^ 
in  Bon-d 

Fine 

38.8 

67.0 

1/2  Slood 

42.2 

f-^      •  -J- 

3/8  Blood 

16.3 

10.2 

1/4  Blood 

2.2 

0.7 

Total 

100.0 

100.0 

All  of  the  entire  lots  were  sorted  before  they  were  processed 


at  the  mill, 

and  the  sorting  reports 

.■■:ive  an  interesting 

I  comparison 

betv;een  the 

percentage 

of  the  differe 

int  sorts 

present  ii 

1  the  sublets 

as  coinpared 

v/ithithe  entire  lots. 

Table 

33.-  Percenta^i;e  "by  Weis:h 

it  oj.  trie 

Different 

Sorts 

?/yomin^  Orir 

Inal  ^;ag  Mo 

in  tana  l/2 

Blood 

Idaho  1/2  Blood 

Sorts 

Entire  Lot 

Sublot  En 

.tire  Lot 

Sublot 

Entire  Lot 

Sublot 

AB 

26.70 

17.17 

11.17 

13.51 

5.38 

6.79 

B 

66.87 

70. C2 

76.86 

71. S9  • 

72.04 

68.01 

CD 

3.81 

8.44 

8.45 

10.57 

18.85 

21.09 

E/ES 

0.22 

0.47 

0.10 

0.28 

0.10 

AB  Burry 

0.21 

E  Burry 

0.51 

0.55 

0.43 

Burry 

0.30 

0.23 

B  Black 

0.03 

0.28 

0.05 

AE.  Black 

0.10 

Paint  Clips 

0.22 

0.28 

0.43 

0.4S 

0.78 

0.72 

Stained 

l.Gl 

2.25 

2.28 

2.85 

2.19 

2.93 

Tags 

0.10 

0.09 

Gray 

0.07 

0.19 

Total 

100.00 

100.00  100.00 

100.00 

100.00  : 

100.00 

Paper  String 

;s  0.5 

0.5 

0.5 

O.S 

0.4 

0.6 

4 
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In  the  first  lot  of  ori,5;inal  b.ag  wool  from  Wyoming,  there  vfas  a 
considerable  difference  in  the  sorting  'between  the  stiDlot  and  the  entire 
lot  as  the  s'lihlot  did  not  have  as  much  fine  vrool  in  it  as  the  entire  lot 
by  around  9  percent.  As  would  bo  expected,   the  differences  in  sorting 
betv/een  the  sublot  and  entire  lot  wore  very  small  in  the  graded  lots  of 
I.Iontana  and  Idaho  l/2  31ood.   The  more  i^oniform  the  original  lot  was,  the 
easier  it  was  to  obtain  a  reoresentativc  series  of  bags  in  the  sublot  to 
repr©mit  tl\e  entire  lotr    The  suhlots  in  all  cases  contained  slightly  more 
of  the  coarser  sorts  than  the  entire  lot. 

SU^lvIAEY  OP  RESULTS 

(1)  SaJnples  dravm  at  random  from  the  shoulder,   side,   and  back  areas  of 
fleeces  in  the  composite  bags  v;ere,  on  the  o.vorage,  aromd  three 
percent  less  in  shrinkage  than  v/a-s  the  entire  bag. 

(2)  Shrinkages  01  the  composite  hags  were  lov/ercd  hy  1  3/4  percent  when 
the  tag  sort  was  removed  caid  allowances  were  made  for  the  samples 
removed  and  the  string  us.ed  in  tying  the  fleeces. 

(3)  G-rado-pile  sLunples  gave  shrinJaiges  1.4  percent  higher  than  the  scumples 
from  the  composite  bag  made  up  from  these  grade  piles. 

(4)  Ever;r  lOth  bag  selected  throughout  a  clip  gave  a  good  representation 
of  the  clip  as  indicated  by  the  proportion  by  weight  of  the  different 
grade  s . 

(5)  Composite  bags  made  up  by  selecting  fleeces  at  spaced  intervals  of 
time  during  the  shearing  of  a  clip  did  not  give  o.s  good  representa- 
tion of  the  clip  as  10  bags  spaced  throughout  the  clip. 

(6)  The  first  bag  saclzed  from  a  band  of  sheep  was  coarser  in  grade  than 
the  last  bag  sacked  from  a  band,  provided  the  sheep  were  01  similar 
a,:-es,  and  all  grades  fromi  Pino  to  l/4  Blood  are  reiDresented  in  the 
clip. 


(7)  SoloctioR  of  floocos  at  oqiially  spr.ced  intervals  through  li  clip  to 
mciko  up  10  iD-gs  of  wool  gave  the  moot  reproGcntativo  picture  of  tho 
clip  as  indico.tod  "by  the  porcontago  hj^-  v/cie;ht  of  tho  diffcront  groxloo. 
Hov7ovor,  this  method  oi  ilooco  selection  gave  results  thc.t  v/ere  only 
sli'.Mly  more  rcpreeentutive  than  the  10  'ba';s  selected  at  equal  inter-* 
vals  throu2;ho'at  the  clip.  • 

(8)  Side  and  "bad:  fleece  sorts  /  g-^vc  shrinkages  that  uerc  most  reprcson-- 
tative  of  the  entirg  fleece.     A  ccifbination  of  the  shoulder,  side, 
and-  bach  fleece  sorts  gave  results  very  close  to  the  shrinkage  of 
the-  entire  fleece. 

(9)  Sorted  and  "onsorted  halves  of  the  fleece  gave  sir.iilar  shrinkages, 
indicating  that  the  tvfo  halves  of  the  fleeces  vjore  siv.rilar  in  shrin- 
kage. .  . 

(10)  Shrinkage  of  random  sa^Jg^les  taken  fron  the  shoulder,   side,  and  hack 
portions  of  tied  fleeces  v/ero  closer  to  the  shrinkage  of  the  entire 
fleece  than  nas  the  shrinkage  of  side  scanples  ta:;en  from  the  same 
fleeces  before  they  ivere  tied. 

(11)  A  scried  of  blended  samples,  v;eighing  400  grcu-is  each,  gave  shrinkages 
very  close  to  the  shrinkage  of  the  remainder  of  the  fleece  from 
^.vhich  they  r/ere  taken.  The  remaind.er  of  the  fleece  contained  all 

of  the  fleece  except  the  small  side  and  random  sc;mples. 

(12)  The  average  shr/inl^agc  of  a  series  of  S'lmples  taken  at  tho  v/arehouse 
from.  5-bag  test  lots  tjo.s  •'^ithin  1  percent  of  the  shrinkage  of  the 
entire  5-'  ol.q  lots  in  four  cases  c/cit  of  the  five  clips  from  'jhich 

5- "bag  test  lots  were  selected. 

(is)  The  average  shrinl^iage  of  a  series  of  small  samples  td:en  from  the 

sublets  scoLireci  at  the  m.ill  shov;ed  shrinkages  vdthin  2*2  XJcrcent  of 
the  shrinkage  of  the  entire  lot  scoured  at  the  mill,  and  in  m.ost 
cases  the  average  shrini;;a.ges  cf  the  saiiiples  vrere  higher  than  those 
of  the  entire  lots. 

(14)  The  series  of  small  samples  taken  from  the  siiblot  ,  ,  shovjed  /:in 
average  shrinl^age  vrithin  1  percent  of  the  shrin]:age  of  the  sublet: 
v^hen  it  v/as  scoured  at  the  mill, 

(15)  The  sublet  did  not  represent  the  entire  lot  in  respect  to  shrinkage 
as  closely  as  the  small  samples  rcpresonted  the  sublet . 

(16)  Tho  quantity  of  fine  and  half  blood  grades  in  the  SLihlot  and  the 
entire  lot  differed  by  ^aro-iuid  9  percent  in  each  of  the  grades. 

(l?)  The  sorting  reports  shov^od  the  same  differences  bet^Tcen  the  sublet  and 
entire  lot  in  respect  to  percent  of  sorts  by  v/eight  as  was  shown  in 
the  grading  reports. 
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(18)  In  three  different  clips,   every  fleece  of  i^hich  was  e:raded  in  the 
order  in  which  it  was  sheared,   it  rras  fo'ond  that  it  did  not  make 
much  difference  (in  obtainijig  representative  proportions  of  the 
different  grades  in  the  clip)  \"hether  every  lOth  bag  ^^as  selected 
or  V7hether  10  hags  are  selected,   spaced  at  equal  intervals  through 
the  clip. 

(19)  In  this  same  study  of  three  different  clips  it  was  found  that  the 
first  hag  from  ea.ch  hand  T;-as  consistently  coarser  in  grrde  than  the 
last  "bag  shorn  from  ea.ch  hand  if  the  sheep  were  all  of  equal  age. 

(20)  The  grease  content  of  the  scoured  wool  in  the  tests  of  samples, 
suhlots,   and  entire  lots  varied  from  0.32  to  0.93  percent. 

(21)  In  a  series  of  samples  taken  from  the  suhlots  hy  t'-o  different  op- 
erators there  was  no  significant  difference  in  shrinkage  between 
the  first  and  last  of  the  four  samples  ta.ken  by  each  operator. 
Neither  was  there  significant  difference  in  average  shrinkage  between 
the  samples  taken  by  each  operator. 

(22)  For  the  first  time  we  now  have  definite  checks  of  the  shrinkage  of 
a  series  of  small  sam'oles  as  compared  with  the  shrinkage  of  the 
entire  lot  from  which  they  were  taken,  when  the  entire  lot  was 
processed  at  the  mill. 

(23)  The  differences  between  the  average  shrinkage  of  the  series  of 
small  samples  and  of  the  entire  lot  were  all  within  2- percent. 

In  the  past,  when  furnishing  shrinkage  information  to  w:-ol  ^Towers, 
thi^  2  percent  difference  in  shrinkage  has  been  used  as  a  practical 
limit  of  variation  between  duplicate  samples  from  the  sane  band  of 
sheep. 

(24)  A  system  of  orderly  spacing  in  the  selection  of  sample  fleeces  or 
bags  of  wool  out  of  a  large  let  of  wool  has  been  more  satisfactory 
in  obtaining  a  representative  sample  of  a  lot  than  a  random  selec- 
tion. 
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PROGRESS  _ IN  JTOOL  SHR Hi KSSEivRCK  DIIRII:G  YEAR  1959 
By  TTariier  M.  Ruck,  Specialist  in  I  marketing  Wool 

INTRODUCTIOII 

Wool  in  the  condition  it  is  shorn  from  the  sheep  is  known  as 
"grease  wool"  and  contains  varying  air.ounts  of  extraneous  substances 
most  of  which  have  no  coinr.iercial  value.     These  substances  are  in  the 
forr,i  of  grease,   dried  persr-irstion,   sand,  vegetable  matter,  etc.  The 
loss  in  Tfeight  thst  occurs  when  the  v/ool  is  scoured  is  termed  "shrink- 
age."    The  shrinkage  of  wool  is  influenced  primarily  oy  the  breed  of 
the  sheep  producing  the  fleeces,  the  area  in  vhich  the;j  range,  the 
nature  of  their  feed  and  oth:;r  factors,     vYools  of  the  United  States 
differ  greatly  in  shrinkage.     It  is  estimated  that  extraneous  and  in- 
digenous substances  present  in  domestic  wool  range  from  about  35  per- 
cent to  about  75  percent  of  the  v:eight  of  the  shorn  fleece. 

The  Agricultural  ivlarketing  Service,   in  response  to  insistent  de- 
mand from  producers,  has  undertaken  to  develop  a  quick  and  reliable 
method  of  sampling  and  testing  vrool  for  shrinka.ge.     The  method  being 
sought  must  be  practical  as  well  as  reliable  and  therefore  should  be 
acceptable  to  all  branches  of  the  industry  as  a  "standard  method."  That 
the  accomplishment  of  the  objective  is  difficult  is  recognized  by  the 
Service.    Problem.s  not  easily  solved  are  presented  by  the  numerous  vari- 
ables in  the  constituent  elements  of  shrinkage  and  by  the  lack  of  uni- 
formity in  the  preparation  of  the  clip  for  market. 

Although  sciiie  shrir.k;;.s'e  stuiies  were  conducted  by  the  Department 
of  Agriculture  in  the  past,  the  present  investigations  under  this  pro- 
ject were  instituted  in  1937,    Work  has  since  been  done  in  the  States 
of  Montana,  Idaho,  Wyoming,  Utah,  Texas,  and  Colorado,  and  in  the  manu- 
facturing centers  of  the  East.    Various  methods  of  sampling  have  been 
tried  and  the  results  of  each  studied.     In  order  to  insure  the  greatest 
possible  degree  of  accuracy,  scouring  equipment  designed  for  handling 
small  qu£uitities  of  wool,  but  built  to  conform  with  coinmercial  machines, 
has  been  installed  in  the  laboratory  of  this  Service. 

In  the  course  of  these  investigations,  reports  of  the  shrinkages 
of  samples  are  made  public  from  tirae  to  time.     In  L-.aking  this  informa- 
tion available  to  cooperators,  the  Service  makes  clear  its  inability 
definitely  to  correlate  the  shrinkages  of  the  SLjnples  v/ith  that  of  the 
lot  or  clip  from  which  the  sf:jiiples  were  selected.    PJhen  this  can  be  done 
the  objective  will  be  attained,  but  considerable  work  of  a  fact-finding 
nature  lies  ahead  before  this  goal  can  be  reached. 


EFFECT  OF  SHRINKAGE  ON  WOOL  PRICES 


The  shrinkage  factor  influences  the  value  of  "grease  wool"  more 
than  o.ny  other,  as  the  waste  material  must  be  removed  before  the  wool 
can  enter  the  m.anufacturing  procossos.     The  following  is  an  illustra- 
tion of  the  extent  to  which  the  conto-ined  foreign  matter  alone  will 
affect  the  value  of  grease  wool.     If  wool  is  worth  85  cents  per  pound, 
scoured  basis,  and  its  shrinkage  is  58  percent,  its  grease  value  would 
be  35  3/4  cents,  on  the  other  hand  if  its  shrinkage  were  70  percent  its 
grease  value  vrould  be  only  25  l/2  cents  per  pound*    Y^Tien  Fine  wool  pro- 
duced in  the  United  States,  which  often  sells  at  85  to  90  cents  a  pound 
clean  basis,  varies  in  shrinkage  from  possibly  57  percent  to  as  m.uch  as 
75  percent,  depending  upon  a  number  of  factors,  the  importance  of  hav5.ng 
reliable  shrinkage  informant  ion  siiaply  cannot  be  minimized. 

SHRINKAGE  CU8TQLIARII,Y  ESTBiATED 

It  is  the.  custom  for  the  v;ool  buyer,  when  purchasing  grease  wool, 
to  estiiiiate  the  probable  yield  of  the  scoured  product  and  base  his  price 
on  this  estimate.     It  is  said  that  experienced  wool  buyers,  as  a  result 
of  intensive  training,  are  able  m.oroly  by  inspecting  the  fleeces  to  esti- 
mate the  actual  shrinkage  of  a  clip  of  wool  within  1  percent  or  2  per- 
cent.   However,   it  seems  there  is  no  authentic  inf onnation  available  to 
substantiate  this  claim,  nor  are  there  any  m.oans  of  detemining  just 
v/h.en  or  under  v/hat  conditions  this  degree  of  efficiency  is  attained, 
A  few  expert  buyers  possibly  do  come  very  close  in  their  estimates, 
however,  although  this  may  bo  true  on  the  average  it  might  not  apply 
to  individual  clips  or  lots.     In  other  v/ords  they  may  be  too  high  on 
some  clips,  and  too  low  on  others  so  that  the  underestimates  will  to  a 
considerable  degree  offset  the  higher  ones.    Although  this  may  be  satis- 
factory to  the  buyers  of  wool,  there  have  been  many  protests  from  the 
producers  and  their  organizatio?is  when  in  their  opinion  shrinkages  have 
been  overestimated. 

At  the  present  time,  practically  the  entire  domestic  clip  is 
marketed  and  manufactured  without  any  information  being  obtained  by 
either  the  grov/ers  or  marketers  of  y«'oo1  regarding  the  shrinkage  of 
Individ! :al  clips.     Tliis  is  primarily  because  of  the  fact  that  the  identi- 
ty of  individual  clips  is  lost  either  when  the  clips  are  comruingled  in 
grading  in  the  warehouses  or  in  the  blending  v/hich  is  done  in  the  ma.nu- 
facturing  processes.    Although  tests  are  m^'de  on  some  individual  lots 
such  a  practice  is  not  usual.     It  is  therefore  extremely  difficult,  if, 
not  impossible,  for  wool  growers  to  obtain  information  regarding  the 
grade  and  chrinkage  of  their  clips,  based  on  actual  tests.  Information 
of  this  nature  that  is  available  remains  in  the  possession  of  those  who 
buy  the  wool.    The  producers  are  fully  aware  of  these  conditions  and 
are  urging  that  test  methods  be  established  whereby  they  can  obtain 
reliable  grade  and  shrinkage  information  quickly. 


DE^/ELOPMEMT  OF  SHRINKAGE  TEST  METHODS  UNDERTAKEN 

It  is  often  stated  in  the  v/ool  industry  that  the  shrinkage  of 
wool  is  quits  indefinite  as  no  tw'-o  mills  will  obtain  the  same  yield 
even  for  portions  of  the  same  lot  of  wool.     It  is  reasonable  to  assume 
that  in  instances  of  this  kind  either  one  or  tvro  things  have  happened. 
One  manufacturer  did  not  clean  his  w6o2''^as  thorou:'2;hlv  as  did  the  other 
or  there  was  some  difference  in  the  wool  itself.     From  the  standpoint 
of  producers  the  qi^.estion  of  whether  a  iiit.nufacturer  scours  his  Yrool  hard 
or  light  is  iiranaterial,  as  their  interest  is  entirely  in  determining  a 
fair  basis  of  evaluation.    This  basis  is  the  amount  of  clean  dry  fiber 
in  grease  v/ool. 

The  potential  benefits  of  having  available  a  means  of  appraising 
the  shrinJ^age  of  770 ol  other  than  that  of  estimating,  have  prompted  many 
efforts  to  develop  methods  less  empirical.    At  the  present  time  investi- 
gators in  several  agricultural  experiment  stations,  technical  organisa- 
tions, and  Government  agencies  are  v/orking  individually  or  cooperatively 
on  various  phases  of  the  problem.    To  merit  accepta  nco,  a  method  must 
not  be  too  time-consuming,  must  bo  economically  and  commercially  feasi- 
ble, and  by  all  means  must  bo  capable  of  being  repeated. 

BASIC  DATA  SOUGHT  IN  AI'.IS  I^BORi.TORY 

In  order  that  basic  data  regarding  wool  shrinkage  might  be  ob- 
tained, numerous  experiraents  have  been  conducted  in  the  laboratory  of 
the  A.M.S.     Studies  of  the  effect  of  different  scouring  solutions,  of 
washing  with  various  ratios  of  scouring  liquor  to  wool,  of  the  number  of 
dustings  and  of  the  m.oisture  content  of  both  grease  and  scoured  wool  are 
all  phases  of  these  investigations  which  have  received  the  attention  of 
the  technical  persorjiel. 

To  insure  a  fixed  basis  for  computing  results  of  tests  in  our 
work,  it  was  necessary  to  have  the  scoured  wool  from  all  samples  on 
definite  bases  of  moisture  and  impurities.     Based  on  experiments  on 
wool  cleansed  in  our  laboratory  and  on  coinmerciairiy  cleansed  v/ool,  the 
follov;-ing  standard  has    been  tentatively  adopted  by  us. 

1,  Scoured  wool  shall  not  contain  more  than  1,0  percent 
petroleum  ether  extract  or  grease. 

2,  Scoured  wool  shall  not  contain  iuoro  than  1,0  percent 
alcohol  extract,  after  the  grease  has  been  extracted  ivith 
pet r o  1  euju  e  bher . 

3,  Scoured  wool  shall  not  contain  more  than  1,0  percent  ash, 

4,  The  standard  zii-oisture  content  for  secured  wool  shall  be 
12  t)L,rc.nt.  ■     ^-:,i±  shrinkages  shall  bo  detenainod  on  the 
basis  --'i  soou..-ed  wool  -weights  as  calculated  at  12  percent 
moisture  content, 

1/  The  use  of  a  standard  moisture  content  of  12  percent  was  decided 
upon  after  some  of  the  stu'Mes,  described  in  this  report,  had  been  com- 
pleted on  the  basis  of  scoured  vreights  calculated  at  13  percent  m.oisture. 
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STUDY  OF  ivIULTIPLE  RINSE  PROCEDURE 

Commercial  Y\rool-scourin»;  trains  are  generally  made  up  of  five 
scouring  bowls.     Customarily  the  bulk  of  the  cleansing  is  done  in  the 
first  bowl  where  about  85  percent  of  the  original  impurities  are  re- 
moved.    Considerable  cleansing  is  brought  about  in  the  second  bowl  where 
an  additional  10  percent  to  13  percent  of  the  original  amount  of  impuri- 
ties is  eliminated.     In  the  third  bowl  the  cleansing  is  completed  with 
the  removal  of  1  percent  to  4  percent  of  the  original  impurities,  Follov\r 
ing  this  treatment  the  wool  contains  possibly  1  percent  to  2  percent  of 
impurities.     In  the  fourth  bov\rl  some  of  the  residual  soap  and  alkali  are 
rinsed  out  and  at  times  the  wool  is  blued  to  impart  a  v/hiter  color.  The 
fifth  bowl  is  used  for  further  whitening  operations,  the  wool  being 
treated    with  dilute  sulfuric  acid  and  often  hydrogen  peroxide.  The 
presence  of  sulfuric  acid  in  the  fifth  boY^rl  at  once  precipitates  and 
fixes  on  the  wool  such  impurities  as  the  wool  lias  carried  into  this  bov;l. 
Thus  no  grease  or  soap  is  removed  in  this  bowl,  although  absorbed  alkali 
is  neutralized  by  the  acid  solution,     Six-bov/l  trains  are  seldom  used 
commercially  for  scouring  alone.    YPnon  employed  the  operations  will 
usually  include  both  scouring  a.nd  carbonizing,  the  sixth  bowl  being  used 
for  the  carbonizing  acid.     It  is  thus  seen  that,  commercial I3/,  scouring 
is  done  in  the  first  three  bo'.Tls,  rinsing  in  the  fourth,  y\rith  the  fifth 
and  sixth  bowls  being  used  for  blo^aching  and  application  of  a  carboniz- 
ing acid. 

The  scouring  train  in  the  laboratory  of  this  Service  is  made  up 
of  six  bowls.     It  had  been  the  practice  to  scour  in  the  first  three  bowls 
using  the  last  three  for  rinsing.    However,  qualitative  observations  of 
the  rinse  in  the  fifth  and  sixth  bowls  showed  that  no  grease  or  soap  v\ra.s 
being  rem.oved  from,  the  wool  in  those  bowls  since  the  water  remained  clear 
The  only  component  that  might  have  been  rinsed  off  in  these  bowls  was  the 
alkali  on  the  v^ool  which  could  have  been  rinsed  off  emd  still  have  left 
the  solution  clear.     In  the  light  of  these  observations  it  appeared  de- 
sirable to  determine  just  how  much  alkali  was  being  removed  from  the  wool 
in  three  rinses  as  compared  with  that  removed  in  one  rinse,  and  to  decide 
whether  three  rinses  vfere  actually  nccessarv. 

Approximately  3,000  grams  of  3/8  blood  wore  divided  into  two  por- 
tions.    One  portion  was  scoured,   given  one  rinse,  and  dried.    The  other 
portion  \;as  scoured,  given  three  rinses,  and  dried.     There  was  no  differ- 
ence in  color  between  the  two  portions.     The  wool  that  had  been  given 
three  rinses  ims  slightly  more  felted  than  the  sample  that  had  received 
only  one  rinse.     The  sarnplos  were  tested  for  absorbed  alkali  by  the 
following  method.     Five  groms  of  the  sample  were  stirred  thoroughly  -with 
200  milliliters  of  2  percent  boric  acid  solution.     The  solution  was 
pressed  out  of  the  wool  and  the  extracted  alkali  was  titrated  with 
standard  sulfuric  acid  using  methyl  orange  as  an  indicator. 


The  results  fcllovf: 


;  ample 


1  rinse 
1  rinse 
1  rinse 
1  rinse 


1  rinse^,  Average 


3  r  in  s  e  s 
.3  rins'3o 
3  rinses 
3  rinses 
5  rinses 


3  rinses.  Average 


Percent  of 
alkali  calcu- 
lated as  soda  ash 

0.25 
0.36 
0.28 
0.27 


0.29 

0.25 
0.28 
0.25 
0.28 

0,29 


0.27 


Another  sample  vrQ.s  given  one  rinse  in  the  fourth  D  ov/l  a  t  the 
end  of  a  day  of  scouring  when  the  'A-ater  in  the  fourth  boxvl  vms  xery 
cloudy  froiii  rinsing  other  saiaples.     This  wool  v/as  also  tested  for 
alkali  with  the  following  results: 

Percent 

Sample  of  alkali 


1  rinse  in  cloudy  water  0,27 
1  rinse  "  "  "  "  0.22 
1  rinse    "      "  "  0.26 


Average  0,25 

Apparently  then,  VvTooI  given  one  rinse  shows  practically  the  same 
amount  of  absorbed  all^ali  els  yjooI  given  three  rinses.     Since  wool  given 
one  rinse  is  less  felted  and  since  the  wool  given  one  rinse  requires 
passage  through  only  four  bov/ls  instead  of  six,  it  appears  logical  to 
give  our  scoured  wool  only  one  rinse.    This  change  has  now  been  put 
into  effect. 


DUSTING  OF  SCOURED  WOOL 

In  laboratories  engaged  in  testing  wool  samples  for  shrinkage 
determination  the  scoured  t/ooI  is  subjected  to  a  mechanical  treatment 
in  order  to  remove  sand  and  dust  that  remains  even  after  a  thorough 
washing.     In  order  to  determine  at  Just  wh.at  point  the  vtooI  has  boen 
treated  sufficiently  to  remove  extraneous  matter  -»vithout  incurring  fiber 
loss,   specimens  vrore  subjected  to  numerous  dustings.    As  a  result  of 
successive  dustings  it  vra.s  found  that  the  scoured  wool  incurred  the 
follovfing  average  losses: 
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Table  1« 

1,0  G-S 
 — ■ 

in  dusting 

 . 

Numb 

3  r  * 

—  

 — 

of 

Los  s  : 

Shrinkage 

:  Difference  : 

Corrected 

dust 

in.es  : 

.  . 

shrinkage 

Percent 

Percent 

percent 

percent 
—  - 

Ko  dusting 

0.0 

55.00-  , 

 — — — 

55.00 

;  -^-0.90 

1st 

n 

2,0 

55.90'- 

55.77 

'  ~_:-'-0.45 

2nd 

n 

1.0 

56.35-: 

56.09 

^  ^/:.-0.31 

3rd 

tt 

0.7 

56. 66^:.' 

56.26 

4th 

ti 

0.3 

56.80-^ 

56.27 

^"7^^0.13 

5tli 

tt 

0.3 

56,93-:-, 

56. 27 

^  ■■   -  0.14 

6th 

M 

0.3 

57.07-. 

56.27 

^---0.13 

7th 

ti 

0.3 

57.20- 

56.27 

Analyses  of  the  accujnulat ion  of  dust  from  the  first  two  dustings 
of  a  large  amount  of  scoured  wool  gave  the  following  results: 

percent 


Ash  26.2 

Veg!etable  ma.terial  47.5 
Wool  and  other  substances 

(by  difference)  26.3 

Total  100.0 

The  loss  of  this  material  vrould  appear  to  be  of  benefit  to  the 
wool,  especially  since  the  sm.all  amounts  of  wool  present  in  the  dust 
are  so  short  in  length  as  to  be  of  no  commercial  value. 

It  will  be  noted  that  after  three  dustings  the  sam.ple  loses  ap- 
proximately 0,3  percent  of  its  weight  during  each  dusting,  or  in  terms 
of  shrinkage,  gains  approximately  0,13  percent.     It  appears  probable 
that  these  small  differences  are  due  to  factual  loss  of  wool  fiber  during 
the  dusting.     The  large  losses  during  the  first  three  dustings,  however, 
are  miainly  actual  dust,   sand,  and  vegetable  matter,  and  it  would  appear 
desirable  to  purify  the  wool  of  these  materials  by  dusting.     It  will  be 
noted  that  if  a  correction  of  O.lo  percent  to  0.14  percent  for  the  aiiioijint 
of  wool  lost  is  subtracted  from  the  shrinkage  after  each  dusting,  the 
shrinkage  attains  a  nearly  constant  value  after  two  dustings.    We  have, 
therefore,  tentatively-adopted  the  practice  of  running  the  scoured  wool 
through  the  duster  twice. 


Similar  analyses  are  plarjied  for  dust  removed  from  scoured 
wool  that  has  already  been  dusted  one  or  raore-  times.    Thus  a  sample 
of  scoured  wool  would  be  dusted  as  many  as  seven  or  eight  times  and 
the  dust  removed  at  each  operation  would  be  collected  and  analyzed 
separately, 

INFLUENCE  OF  V.1RI0US  SCOURING  SOLUTIONS 

Ari  experiment  ■.■ms  undertaken  to  determine  v/hether  the  use  of 
different  scouring  solutions  might  result  in  different  shrirJcages. 
Information  on  this  question  appeared  nscessaiy  since  the  shrinkages 
of  our  samples  are  at  times  compared  with  bulk  shrinkages  obtained  by 
manufacturers  and  comi.iission  scourers.    As  a  rule  comnassion  scourers 
use  more  sodium  carbonate  in  their  scouring  liquors  than  has  been  our 
practice.    Moreover,  if  different  scouring  solutions  give  appreciably 
different  shrinkages,  it  would  bo  essential  to  standardize  the  scouring 
solutions  used  by  laboratories  cooperating  in  shrinkage  work. 

Fifteen  Rambouillet  fleeces  were  used  in  this  study.     In  order 
that  each  fleece  might  be  made  into  a  homogeneous  mass  it  ms  thorough- 
ly dusted  and  blended.    From  each  blended  fleece  21  srj-aples,  each 
weighing  100  grams,  were  dra-vvn.    Fifteen  of  these  lOO-gram  samples  v:ore 
grouped  together  in  order  to  make  a  composite  sample.     In  this  mejiner 
21  composite  samples,  each  containing  1500  gram.s  of  dusted  wool,  were 
made  up.    These  composite  saiiiples  were  scoured  in  different  solutions 
and  the  shrirJi:ages  calculated  according  to  our  stand£i.rd  laboratory 
method.    The  scouring  effect  of  each  solution  v.-as  established  by  de- 
termining the  shrinkages  of  three  identical  samples  put  through  the 
solution. 

The  results  of  this  tost  are  sho'vn  in  table  2, 
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Table  2,  -  Shrinkages  of  blended  samples 
e,s  scoured  vrlth~dif f ereirE~  solutions 


Scouring 

Toliri-^Tons""" 

'lii'inlcages 

of  Samples 

J     Soda  : 

Indi-  : 

Bowl 

:     Ash  : 

Soap  : 

vidual  : 

Average 

Percent 

percent 

Percent 

Percent 

Regular  A 

Solution 

1 

0,25 

0.10 

58.2 

2 

0,10 

0.50 

58.4 

3 

oao 

0.25 

58.4 

58.3 

3 

1 

0.10 

0.10 

58.3 

2 

0.10 

0.10 

58.4 

3 

0.10 

0.10 

58.5 

58,4 

C 

i 

0.30 

0.05 

58.2 

2 

0.30 

0.05 

58.2 

3 

0.30 

0.05 

58.4 

58.3 

ASTM  D 

1 

0.30 

0.10 

58.2 

Tentative 

2 

0.30 

0.10 

58.1 

Standard 

3 

0.30 

0,10 

58.2 

58.2 

E 

1 

1.00 

57.4 

2 

1.00 

- 

57.0 

o 

1 .  UU 

b  /  ,0 

57.1 

F 

1 

1.00 

0.05 

58.4 

2 

1.00 

0.05 

58.1 

3 

1.00 

0.05 

58.0 

58.2 

G 

1 

1.00 

0.10 

58.0 

2 

1.00 

0.10 

58.1 

3 

1.00 

0.10 

57.9 

58.0 

i/ 


1/^13  percent  moisture  in  scoured  ViToole 


Qualitative  examination  of  the  scoured  sa;mples  shoY/ed  sample  A 
to  be  vj-hitest  and  best  in  appearance  although  it  was  only  slightly 
superior  to  samples  B,  C,  and  D.     Saiaple  E  was  definitely  poor  in  color, 
and  the  poor  scouring  in  this  case  is  reflected  by  the  lower  shrinkage 
of  the  sample.     Samples  F  s^d  (}  were  good,  but  slightly  poorer  than 
B,  C,  and  D. 


In  table  2  the  shrirkage  of  any  properly  secure-^:  sample  can  be 
expressed  as  58,2  percent  ~  0,3  percent,  the  i  0,3  perc'^nt  being  a 
measure  of  the  variability  of  the  sunple  itself,  rather  than  of  the 
effect  of  the  scouring  solution  upon  its  shrinkage.     It  will  be  seen 
that  the  only  scouring  solution  not  giving  shrinkages  vrithin  these  limit 
is  E,  which  is  composed  of  1  percent  soda  ash  7/ith  no  soap.     It  can  be 
concluded  that  if  a  scouring  solution  is  fresh  and  contains  a  minimum 
of  0,1  percent  soda  ash  and  0,1  percent  soap,  the  wool  put  through  in 
the  usual  manner  will  be  properly  scoured  and  will  have  just  as  high  a 
shrinkage  as  if  larger  quantities  of  scouring  materials  had  been  used. 

Although  the  quantitative  shrinkage  results  of  this  test  indicate 
that  our  regular  scouring  solution  is  as  efficient  as  any  other  scouring 
solution  tried,  and  the  qualitative  statements  as  to  appearance  indicate 
that  our  regular  scouring  solution  is  better  than  the  other  solutions, 
there  are  other  factors  that  will  necessitate  changing  our  regular  scour 
ing  solution.     The  introduction  of  pumps,  duckers,  rakes,  and  crabs  for 
mecha-nically  handling  the  scouring  of  the  wool  will  have  a  tondenc^^  to 
cause  foam.     The  difficulty  from  foam  vri.th  the  regular  scouring  solution 
while  the  machinery  is  running  will  be  insuperable.     For  this  reason  it 
is  believed  it  i^ill  bo  necessary  to  use  a  scouring  solution  containing 
less  soap.     Soap  concentration  greater  than  0.05  percent  acquires  a 
troublesome  foaming  tendency, 

In'deciding  upon  a  standard  scouring  solution  that  v/ill  function 
properly  in  our  scouring  equipment  with  zhe  added  mechanical  features, 
it  is  of  interest  to  note  that  the  AiTierican  Society  for  Testing  material 
has  a  tentative  standi-.rd  for  all  throe  bowls  of  0.30  percent  of  sodium 
carbonate  and  0.10  percent  soap.     The  results  obts.insd  in  our  tests  on 
different  scouring  solutions  indicate  that  these  amounts  of  materials 
could  be  reduced  and  still  -.-ive  effective  scouring.     As  a  definite  sug- 
gestion of  a  standard  scouring  solution  that  will  Y-rork  '.veil  in  our  bowls 
when  completely  mechanically  equipped,  and  that  has  been  shov/n  to  yield 
a  well-scoured  v/ool  with  a  shrinkage  in  uniformity/  vfith  that  obtained 
from  the  use  of  other  accepted  standard  scouring  solutions,  a  solution 
of  0,30  percent  sodium  carbonate  and  0.05  percent  soap  is  proposed. 

DSTER^IINATION  OF  SUITABLE  liSTRODS  FOR  SCOUiaNG  SI/:IALL  SMIPLES 

The  equipment  in  the  wool  laboratory  appears  wholly  suitable  for 
scouring  samples  v/eighing  10  to  20  pounds  or  more.    However,  the  passing 
of  small  samples  of  l/4  pound  up  to  2  pounds  through  the  open  tubs,  and 
recovery  of  all  \¥ool  belonging  to  these  small  samples  involves  more 
labor  than  is  justified  by  the  am.ount  of  wool  involved.    The  possibility 
of  placing  the  vrool  in  small  x'.rire  baskets  and  cleansing  the  wool  by  im- 
mersing the  basket  in  the  successive  scouring  liquors,  with  appropriate 
agitation  of  the  wool,  appears  logical  as  far  as  the  saving  in  time  and 
labor  is  concerned,    Hov/evcr,  the  effects  of  such  a  procedure  on  the 
shrinkage  of .a  sample  should  first  be  investigated. 
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in approaching  the  problem  of  detemining  the  best  method  of 
scouring  a  small  s&jT'.ple  in  a  basketj^   several  factors  at  once  suggest 
themselves.     First,  how  largo  may  a  sojnple  be  in  a  basket  and  be 
properly  cleansed.     Second,  through  how  laany  baths  should  a  sample  be 
put  in  order  to  bo  properly  cleansed.    Third,  would  it  be  necessary  to 
put  a  sample  through  a  pair  of  squeeze  rolls  after  each  scouring  bath, 
or  could  the  number  of  squeezes  be  reduced  and  proper  cleansing  still 
be  maintained? 

To  obtain  inforraation  to  answer  tlie  above  questions,  6000  grams 
of  grease  Y\rool  were  dusted  and  blended  until  homogeneous,  and  ci-ght 
small  samples  made  up  from  the  blended  vrool.     These  samples  wore  scoured 
in  various  ivays  and  the  shrinkage  of  the  individual  samples  then  de- 
termined.    The  sam.ples  v/ere  also  tested  for  grease  and  ash, 

A  comparison  of  the  results  obtained  in  this  test  is  shown  in 
table  3, 

Table  3,  -  Shrinkages  of  samples  tested 
under  various  conditions 


: Open  tub 
Sample:  or 


Grams  :     i'Tur.ibcr  of 


of  wool:   Scour- : Squeeze 


Shrinkages  1/ 
of  samples 


:  basket  ; 

per  : 
basket  : 

3  n 

bov/ls 

: rolls 

:   Indi-  :. 
:  vidual  : 

-.verafre  : 

Ash 

: Grease 

Percent 

percent 

percent 

Percent 

A 

Open  tub 

0 

3 

3 

53 « Os, 

,",  •'•  1 

B 

Open  tub 

0 

3 

3 

53 !  1 

0.80 

0,34 

C 

Basket 

100 

3 

3 

51.9 

51.9 

0.83 

0.37 

Basket 

300 

3 

3 

52.3 

52,3 

0,77 

0.42 

E 

Basket 

600 

3 

3 

51.9 

51.9 

0,80 

0.45 

F 

Basket 

300 

3 

1 

51 0  5 

51.5 

0.89 

1.48 

G 

Open  tub 

0 

2 

2 

52.8.^ 

H 

Open  tub 

0 

2 

2 

53,0--  - 

^52,9 

0.80 

0.50 

'5/~12  percent  moisture  in  scoured  wool. 


A  study  of  the  above  table  reveals  tjiat  - 

1.  Samples  A  and  B  scoured  in  three  open  tubs  have  the 
highest  shrinkages  an  1  the  lowest  amount  of  grease  of 
any  of  the  samples. 

2.  Samples  scoured  in  baskets  are  significantly  lower  in 
shrinkage  than  those  scoured  in  open  tubs, 

3.  -The  m.ore  wool  scoured  in  a  basket  at  one  time  the  more 

grease  will  be  left  in  the  sconplo;  hence,  the  shrinkage 
of  the  sajoiple  will  tend  to  be  lower. 


4,     The  percentage  of  grease  found  in  the  samples  is  in  con- 
sistent agreement  with  what  one  would  expect  from  the  different 

scour ings,  although  there  are  small  variations  in  shrinkage 
from  what  one  vrould  expect. 
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5.  Tho  porcentage  of  ash  appears  to  bear  little  relation 
to  the  method  of  scouring  or  to  the  shrinkages  of  the 
saiiiples. 

The  most  important  point  "brought  out  by  these  tests  is  that 
samples  scoured  in  baskets  are  significantly  lov\rer  in  shrinkage  than 
samples  scoured  in  tubs.     By  means  of  grease  extraction  tests  on  the 
samples  it  has  been  clearly  sho^ivn  that  the  samples  scoured  in  baskets 
are  not  8.s  well  scoured  as  those  in  the  open  tubs,  therefore,  it  appears 
that  at  least  part  of  the  difference  is  due  to  the  presence  of  a  larger 
amount  of  impurities  in  the  basket-scoured  samples.     On  the  other  hand, 
if  all  the  samples  are  corrected  to  the  same  grease  and  moisture  con- 
tent in  the  scoured  wool,  the  open-tub  scoured  samples  are  still  signifi- 
cantly higher  in  shrinkage, 

Tvj"0  explanations  at  present  might  possibly  account  for  the  differ- 
ence in  shrinkages  betxveon  samples  scoured  in  baskejts  and  those  scoured 
in  open  tubs.     One  would  be  that  there  has  been  a  loss  of  wool  from  the 
open-tub  scoured  samples  sufficient  to  make  the  shrinkages  of  the  samples 
high  by  1,0  to  1.2  percent.    This  is  possible  ond  yet  appears  very  im- 
probable beca.use  tests  have  been  run  in  the  past  on  the  am.ounts  of 
wool  fiber  lost  through  our  screen  in  the  open  bowls,  and  this  loss 
has  never  amounted  to  more  than  0,2  percent  shrinkage  and  is  generally 
below  0,1  percent  shrinkage.    The  other  explanation  would  be  that  the 
grease  extractions  represent  an  artificial  and  arbitrary  fraction  of 
the  total  impurities  and  this  arbitrary  fraction  has  only  a  partial 
correlation  with  the  total  amount  of  impurities  present  and  hence  with 
the  shrinkage  of  the  samples. 

As  a  tentative  conclusion  it  appears  that  open-tub  scouring  is 
more  reliable.  However,  it  appears  desirable  to  repeat  these  scourings, 
paying  particular  attention  to  recovering  the  wool  that  is  lost  be- 
neath our  screens,  and  attempting  to  develop  an  analytical  method  for 
impurities  v/hich  would  have  a  better  correlation  with  the  differences 
in  shrinkage.  This  question  is  of  importance  to  all  laboratories  en- 
gaged in  wool  shrinkage  investigations, 

STUDY'  OF  MODIFICATIONS  OF  THE  I^i'DOM  SAi.'PLIj.IC-  METHOD 

Tests  were  conducted  on  15  ?v£unbouillet  fleeces  to  determine  possibl 
modifications  of  the  random  sa:-apling  methods.     The  procedure  followed  was 
to  weigh  each  fleece  and  then  to  sojnple  it  according  to  the  usual  random 
method,  that  is  to  pull  small  handful s  of  vrool  from  the  different  parts 
of  the  fleeces,  taking  approximately  l/4  pound  from  each.    After  this 
customary  ra.ndom  sample  had  been  selected  a  second  sam.ple  Y/as  taken  in 
exactly  the  same  manner,  except  in  this  case  the  sample  was  approximately 
three  tim.es  as  large.     The  vreights  of  the  second  samples  were  approxi- 
mately 3/4  pound  each.    Additional  random  samples  ivere  also  taken  by 
pulling  handful s  of  wool  both  from  the  exterior  of  the  fleece  and  from 
deep  within  the  interior.    All  samples  were  tested  separately  and  the 
shrinkages  compared  with  the  shrinkages  of  the  entire  fleece  from,  which 
they  were  taken. 
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The  results  of  this  test  are  shovra.  in  table  4. 

Table  4.  -  Variability  and  probable  errors  of 
various  random  sainpling  methods 


'  'TefceriF"of^sFfi]^^  ;      "'~Dl.fI^l^n'5Ts"X'^'__;  Squares  "of  Diff. 

Fleece:  :  :  Large'"^ Ext  ,&Int^  r^'^n^Lafge  : Exterior t'^an^TLarge  :Ext 

number:  Fleece '.Random:  Random:  Random    :  dom  :  Random:  and  Int.:  dom  :  random:  Int. 

Percent  Percent  Pet,  Percent    Percent  Perceib  Percent 


16 

61.2 

58. 9 

61. "1 

59.6 

2.3 

0.1 

1.6 

5.29 

0.01 

2.56 

17 

56.2 

57.4 

56.9 

57.0 

+ 

1.2 

+ 

0.7 

+ 

0.8 

1.44 

0.49 

0.64 

18 

54.0 

59.9 

49.1 

50.6 

+ 

5.9 

4,9 

3.4 

34.81 

24.01 

11.56 

19 

52.0 

50.3 

50.1 

53.8 

1.7 

1.9 

+ 

1.8 

2.89 

3,61 

3.24 

20 

60.4 

55.7 

56.8 

61,9 

4,7 

3.6 

+ 

1.5 

22.09 

12.96 

2.25 

21 

58.6 

55.1 

56.7 

57.7 

3.5 

1.9 

0,9 

12.25 

3.61 

0.81 

22 

58.3 

60.7 

58.1 

62.6 

+ 

2.4 

0.2 

+ 

4.3 

5.76 

0.04 

18.49 

23 

49.5 

54.3 

52.1 

46,6 

+ 

4.8 

+ 

2.6 

2.9 

23,04 

5.76 

8.41 

24 

57.4 

56.0 

55.7 

57,4 

1.4 

1.7 

0.0 

1.96 

2.89 

0,00 

25 

62.7 

56.9 

61.2 

64.3 

5.8 

1.5 

+ 

1.6 

33.64 

2.25 

2.56 

26 

61.8 

61,6 

60.4 

70.0 

0,2 

1.4 

+ 

8.2 

0.04 

1.96 

67.24 

27 

62.3 

57.8 

59.6 

62,  r; 

4o5 

2.7 

0.1 

20.25 

7.29 

0.01 

28 

58.9 

56.6 

57.1 

60.2 

2.3 

1.8 

+ 

1,3 

5.29 

3.24 

1.69 

29 

59.9 

60,2 

60,7 

57.0 

+ 

0.3 

+ 

0.8 

2.9 

0.09 

0.64 

8,41 

30 

60o3 

59.7 

59.4 

60,8 

0.6, 

0.9 

0.5 

0.36 

0.81 

0.25 

Average 

s  58.23 

57.41 

57,00 

58.78 

11.28 

4.638 

8.54 

1/  13  percent  moisture  in  scoured  wool. 

2/  Differences  of  sample  shrinkages  from  wholef'fleece  shrinkages. 


In  studying  this  table  the  following  facts  are  observed: 

1.  All  samples  show  a  wide  range  of  variability,  the  ordinary 
small  random  samples  showing  the  greatest. 

2.  Samples  restricted  to  wool  from  the  exterior  of  the  fleeces 
give  an  average  shrinkage  that  is  low  compared  with  the 
shrinkage  of  the  entire  fleece.     The  exterior  and  interior 
samples,  however,  give  an  average  shrinkage  that  is  high 
compared  ¥\rith  that  of  the  entire  fleece. 

This  test  of  small  8,mounts  gives  us  rather  definite  information 
that  is  perhaps  more  important  than  any  yio  have  yet  obta.ined.     The  results 
are  completely  consistent  in  indicating  that  for  these  fleeces  the  in- 
terior of  the  fleeces  has  a  higher  shrinkage  than  the  whole  fleeces  and 
the  exterior  has  a  lower  shrinkage.     The  conclusion  must  be  that  any '!ran- 
dom"  '.sampling  method  confined  to  tlie  outside  portions  of  a  fleece  will 
tend  to  be  in  error  by  giving  low  shrinkages.     This  conclusion  is  in 
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agreement  with  the  general  trend  of  all  our  v/ork,  since  our  "random" 
sample  shrinkages  are  almost  invari.ably  lov;  when  compared  v/ith  com- 
mercial reports  on  the  same  v/ool.     It  appears  that  the  random  sampling 
method  should  be  modified  so  as  to  include  vrool  from  the  interior  as 
well  as  the  exterior  of  the  fleece. 

From  the  errors  v±Lich  are  to  be  expected  in  the  estimate  of  the 
shrinkage  of  a  clip  when  the  sampling  is  restricted  to  30  fleeces,  it 
appear s'ithat  samples  should  be  drawn  from,  not  fewer  than  30  fleeces  and 
preferably  from  more  than  30  fleeces.     It  also  appears  that  efforts 
should  be  made  to  make  each  sample  heavier  than  has  been  our  custom  in 
order  to  reduce  the  possibilities  of  error  inherent  in  small  samples. 

TESTS  IN  miCIL  SITRIlv^KAGES  OF  SAIIPLSS  ARE  COIIPARED 
YflTH  THE  SHRINKAGE  OF  THE  BULK 

Test  on  76,013  Pounds  of  Graded  Y/ool 

Through  the  cooperation  extended  by  a  large  mill  engaged  in 
worsted  manufacture,  an  important  comparative  study  on  a  lot  of  76,013 
pounds  of  wool  as  processed  commercially  and  on  the  results  of  srjnples 
from  the  lot  as  processed  in  the  laboratory  vms  made  possible.     The  lot 
consisted  of  301  bags  of  graded  Montana  l/2  Blood  wool.     From  this  lot 
30  bags,   or  roughly  10  percent,  were  selected  at  regiilar  intervals 
throughout  the  lot  for  use  as  a  tt.-st  portion.     The  manufacturer  tested 
these  30  bags  separately,  and  all  inf oriuation  pertaining  to  the  yield 
from  this  vrool  ims  kept  separate. 

These  30  bags  vrere  divided  into  three  groups  of  10  bags  each, 
wliich  in  turn  were  sampled  by  different  methods  as  folloiTS: 

1,  Whole-Fleece  Iiethod:     The  10  bags  v/hich  made  up  one  group 
were  opened  and  from  each  the  5th,  15th,  and  25th  fleeces 
were  taken  to  form  a  whole-fleece  sample.     These  fleeces 
T/ere  combined  to  form  a  30-fleece  sample,  representative 
of  the  10  bags  from  which  they  were  selected.     The  same 
procedure  ^;as  follovv-ed  in  connection  with  the  other  two 
groups  Yd.th  the  result  that  three  sample  bags  of  30  fleeces 
each  vv'-ere  shipped  to  the  laboratory  of  the  Service  for 
testing.     In  order  to  accommodate  the  eriount  of  wool  to 

be  processed  to  the  size  of  the  laboratory  equipment,  each 
bag         divided  into  two  15-fleece  units  and  separate  tests 
run  for  each. 

2.  Random  I.lcthod:     This  method  v/as  used  to  sample  the  remaining 
fleeces  from  the  3  groups  of  10  bags  each.    Handfuls  of  -.vool 
were  taken  from  various  places  on  the  surface  of  the  fleeces 
so  that  the  samples  would  contain  wool,   in  proper  proportions 
from  the  shoulder  sides,  and  back.     These  sar.iples  were  com.- 
bined  to  form  a  composite  sample  representative  of  each  group 
The  third  group  I'ln.s  sampled  in  duplicate  by  the  same  method. 
Two  operators  selected  wool  at  the  same  time.     The  composite 
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samples  thus  selected  were  also  sent  to  the  laboratory 
of  this  Service,  a.nd  the  fleeces  processed  in  the  mill. 
A  representative  of  the  mill  also  drew  small  samples  from 
the  random  samples  selected  by  the  operator  of  this  Service 
and  these  were  tested  in  the  laboratory  of  the  mill. 


3.     Subsampling  Method:     After  the  random  samples  had  been 

rendered  homogeneous  by  being  passed  through  a  mechanical 
duster  and  opener  in  our  laboratory,   small  subsamples  were 
selected  from  them.    The  samples  from  which  these  subsejnples 
were  dravm  ranged  in  weight  from  7,6  pounds  to  13.8  poLmds. 
These  subsam,ples  represented  5  percent,  by  weight,  of  the 
random  sample. 

A  comparison  of  the  shrinkages  obtained  by  the  manufacturer  on 
the  bulk,  on  10  percent  of  the  lot,  and  the  shrinkages  of  the  different 
samples  tested  in  the  laboratory  of  this  Service  is  shoim  in  table  5. 

Table  5.  -  Comparison  of  shrinkages  of  samples  with 
bulk  from" SOT'brgs" Montana  'grKdedTT/Z  Blood 


Lot  or  sample  tested 


"Percen"t''~of  shrinkage  T/' 

Blended  : 
subsamples      :  Bulk 
Percent  Percent 


Mill  results  -  90  percent  of  lot  or  271  bags 


56.8 


"        -  10  percent  of  lot  or  30 

bags 

56 , 3 

USDA 

laboratory  {MiS) 

1st  15  fleeces 

55.4 

55.5 

11 

tt  It 

End  15  fleeces 

55.7 

55,5 

It 

ti  ft 

3rd  15  fleeces 

56.9 

57.1 

ti 

It.  tt 

4th  15  fleeces 

55,5 

55.1 

ti 

It  It 

5th  15  fleeces 

57.0 

57.1 

tt 

11  It 

6th  15  fleeces 

57.3 

56.9 

ti 

It  It 

1st  30  fleeces 

55.6 

55.5 

It 

It  It 

2nd  30  fleeces 

56.3 

56.2 

tt 

It  It 

3rd  30  fleeces 

57,1 

57.0 

Average 

90  fleeces 

56.3 

56.2 

RANDOM  SiWLES: 

USDA 

lab oratory  (AMS) 

1st  10  bags 

55.3 

55.4 

It 

tt  11 

2nd  10  bags 

54.6  / 
55.3    -  55.4^ 

55.3 

tt 

It  It 

3rd  10  bags 

54.9  - 

Total  , 
laboratory 

30  bags 

55.1 

55.3 

Mill 

1st  10  bags 

57.7 

It 

If 

2nd  10  bags 

57.0 

It 

It 

3rd  10  bags 

57.3 

Total 

30  bags 

57.3 

55,6 


2/ 


l/  12  percent  moisture  in  scoured  wool. 
2/  Duplicate  samples. 

3/  The  high  slirinkages  on  the  random  samples  scoured  in  the  manufacturer's 
laboratory  are  due  to  the  fact  that  the  ssjnples  were  conditioned  8.nd 
gained  considerably  in  grease  iveight.     This  added  moisture  was  removed 
in  subsequent  testing. 


-  15  - 


The  following  summarizes  the  information  in  the  ciocTe  ta'ule  and 
gives  the  v/eights  of  the  let  and  s/onples. 

Weights  and  Average  Shrinkages  of  All  Samples 


Weight 

Percent 

in 

of 

po'onds 

shrinkage 

63,589 

56.3 

7,410 

56.3 

770 

56.2 

15 

56.3 

176 

55. 5 

9 

55.1 

4 

57.3 

Mill  shrinka„ge  of  90  percent  of  lot  or  271  "bags 
Mill  shrinka,ge  of  10  percent  of  lot  or    50  hags 
Alls  laboratory  shrinl-iage  of  90  fleeces 
Al'iS  IcJb,  shrin'^-ge  of  suhsample  of  90  fleeces 
AivIS  lahorotory  shrinimge  of  random  so-mples 
Af;IS  lahoratory  shrinlcage  of  random  stih sample 
Mill  shrinlrage  of  random  sample 

The  tahle  reveals  tv;o  mill  shrin!:ages  applicahlo  to  the  lot,  one 
of  56.3  percent  on  the  30  "bags  directly  sampled  and  one  of  56.8  percent 
on  the  remaining  271  hags.     In  connection  \7ith  the  v;hole-i Icece  scjnples, 
';7e  find  the  limits  of  variations  of  the  -onits  of  15  ^"holo  fleeces  from 
the  mill  shrinkages  to  oe  -1.7  percent  to -t  0.8  percent.  Corresponding 
limits  of  variation  for  the  units  of  30  whole  fleeces  are  -1.3  percent 
to   +0.7  percent.     The  maxim-cum  error  of  the  lahorator^^  shrinkage  on 
90  whole  fleeces  is  -0.6  percent. 

In  connection  7/ith  the  laoora.tor^/  random  samples  yjo  find  the 
limits  of  variation  from  the  mill  shrinlca.ges  to  ho  -1.9  percent  to 
-1.2  percent  with  a  maxim-tim  error  for  the  average  of  tiie  rajidom  samples 
of  -1.5  percent.     The  mill  random  samples  ha.ve  a  range  of  variation 
from  the  mill  shrinlmgo  of  from  +0,2  percent  to  + 1.4  percent.  The 
high  shrinkages  on  these  srm-ples  a.re  hecauso  they  were  conditioned  in 
the  man-of  acturer '  s  laboratory  and  gained  considorahly  in  weight.  This 
increased  weight  T/as  removed  in  siih sequent  processing. 

The  shrinkages  of  the  suhsajnples  were  satisf actorrv^   the  15.4- 
pound  suhsample  from  the  90  fleeces  hcing  only  0.1  percent  higher  in 
shriiikage  thaji  the  90  fleeces  and  the  9-po'and  s-aDs.amplc  from,  the  randoFx 
sajnples  heing  only  0.2  percent  lower  in  shrin'-'a^go  tli;.n  the  random, 
sariples.     The  shrinkages  of  those  10- to  15-po\md  suosaj-nples  appeal"  just 
ahout  as  reliaJble  r.s  the  shriru:ages  of  the  200-to  BOC^pound  lots  of 
wool  from  which  they  were  taJc:en. 


In  this  partic-iilar  test  all  three  methods  of  saxipling  gave  good 
results.     Of  the  three  methods  the  ren.dom  miethod  a-ppea.red  most  "onsatis- 
factory,  tending  to  give  low  results.     On  the  hasis  of  our  present 
knowledge  it  appears  that  the  random  sampling  method  m.ay  he  modified 
so  that  higher  shrinkages  and  more  satisfactory  results  may  he  ohta.ined. 
However,   even  with  the  imperfect  rajidom  sampling  riethod  used  in  this 
test,   the  errors  are  still  so  sFiall  that  the  m.ethod  a.ppears  to  have 
merit  at  present. 
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Amount  of  Residual  Grease  in  Our  Scoured  Wool 


Grease  detemiinations  were  run  on  scoured  samples  of  this  lot 
of  Montana  graded  l/2  Blood  wool.     The  12  sample-s  tested  varied  in 
grease  content  from  0,36  porcont  to  0,74  percent  grease,  with  an 
average  of  0.61  percent  grease.     These  figures  indicate  that  the 
wool  is  clean  according  to  ordinary  commercial  standards  Y/ithout  be- 
ing over scoured. 

Studies  in  Cooperation  With  Montana  State  Col logo 

In  cooperation  with  the  Animal  Husbandry  Depart-ment  of  the 
Montana  State  College,  sa::ipling  and  shrinkage  investigations  were  con- 
ducted on  several  clips  in  Montcina  during  tho  1939  shearing  season. 
Details  of  tho  tests  on  these  Clips  No.  3-39006,  3-39003  and  3-39013 
are  given  below: 

Clip  No.  3-39006:  The  clip  of  wool  in  this  test  contained  fleeces 
from  f oiIF~banH^'~of~'^^^        tota.ling  about  6,000,     In  order  to  obtain  a 
cross  section  of  the  wnole  clip,  10  bags  spaced  uniformly/-  throughout 
the  clip  were  opened  and  the  fleeces  graded.     The  grade  composition  of 
the  10  bags,  containing  a  tott'.l  of  316  fleeces,  ¥/as  found  to  bo  84  per- 
cent Fine  and  16  percent  l/2  Blood,  by  weight.     The  fleeces  classed  as 
1/2  Blood  were  mainly  on  the  high  side  of  the  grade  and  when  tested 
their  shrirtkage  was  foi.md  to  be  much  closer  to  that  of  the  Fine  wool 
than  would  have  been  the  case  had  the  fleeces  approached  the  coarser 
side  of  the  grade. 

At  the  time  of  grading,  each  fleece  was  vreighod  and  duplicate 
samples  were  dravm.  from  it  by  the  random  method,  one  being  taken  by 
the  representative  of  the  Montana  State  College  and  the  other  by  a 
representative  from,  this  Service,     Throughout  the  grading  every  tenth 
fleece  was  set  aside  as  it  ccu'Ae  to  tho  grader.     The  31  fleeces  thus  ac- 
cuiTiulated  were  shipped  to  a  conraercial  scourer  after  they  wore  sampled 
in  duplicate.    Hence,  at  tho  completion  of  the  sampling  operations  there 
were  duplicate  hand  samples  from  the  31  fleeces  sent  to  the  conimorcial 
scourer  as  well  as  from,  the  fleeces  that  wore  returned  to  the  lot. 

As  a  result  of  this  thorough  sampling  it  was  possible  to  obtain 
and  to  compare  the  shrinkages  of  the  samples  selected  by  the  one  opera- 
tor with  those  of  the  other,    A  comparison  also  v/as  made  of  the  indi- 
vidual and  average  shrinkages  of  the  samples  selected  by  both  operators 
v/ith  the  shrinkage  of  the  31  fleeces  from  which  they  were  dravjn.  The 
shrinkages  of  the  random  samples  from  the  fleeces  returned  to  the  lot 
were  also  compared  v^ith  the  shrinkage  of  the  31  fleeces  in  the  composite 
bag  and  with  that  of  the  random  samples  from  them.     It  was  found  that 
the  31  fleeces  in  the  composite  sarnple  bag,  when  tested  commercially, 
shovifed  a  shrinkage  of  56,9  percent,  whereas,  the  average  of  the  two 
samples  selected  from  this  bag  and  tested  in  our  laboratory,   showed  a  ■ 
shrinkage  of  54,3  percent,  or  a  difference  of  -2,6  percent.  However, 
when  individual  comparisons  are  made  we  find  that  the  one  sample  \ms 
lighter  than  the  composite  bag  by  2,1  percent,  whereas,  the  other  sample 
was  even  lighter  and  shrank  3,1  percent  less  than  the  bulk. 
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The  results  of  the  various  tests  and  comparisons  on  this  Clip 
No.  3-39006  are  sho^vn  in  table  6,  page  30, 

Clip  No,  3-39003 :  The  vool  in  this  study  v;as  from  a  band  of 
1200  purebred  Rai.ibouilTet  E^^"es  of  mixed  ages.  YJliile  the  sheep  were 
being  shorn  a  count  yms  kept  of  the  fleeces  and  every  fortieth  fleece 
was  set  aside.  At  the  completion  of  the  shearing  of  the  band  there 
were  30  fleeces  thus  accumulated.  These  fleeces  were  sampled  in  dupli- 
cate by  the  random  method  and  shipped  to  a  commercial  scourer  to  be 
tested  for  shi^inkage. 

The  reports  of  the  shrinkages  of  both  the  composite  bag  and  the 
seunples  reveal  that  the  averaj^e  difference  betvreen  the  shrinicage  of 
the  sscnples  and  thac  of  tho  bag  -.vas  only  1,7  percent.  Comparisons 
similar  to  those  made  v/ith  respect  to  the  foregoing  clip  are  shovm  for 
this  Clip  Ho.  5-39005  in  table  7,  page  31, 

Clip  No.  3-39013:     As  this  clip  \ms  not  available  for  sampling 
at  the  ranch,  "l.t  was"  agreed  that  the  ovmers  would  select  one  bag  at 
randoFx  from  their  Crossbred  fleeces  and  one  fro::i  their  Rarnbouillets , 
Accordingly,  this  vnxs  done  and  the  two  bags  thus  selected  vrore  shipped 
to  a  commercial  scourer.     The  grading  and  sampling  in  duplicate  of  these 
tv/o  bags  v/ere  done  at  the  plant  of  a  comraercial  scourer  in  the  East,  A 
separate  test  viixs  made  of  the  wool  from  the  Ram.bouillot  band  and  that 
from  the  Crossbred  oand,    Y.Tnile  the  sample  bags  were  tested  in  the  mill, 
the  samples  from  the  bags  7.'ere  sent  to  the  laboratory  of  this  Service. 

The  average  shrijikage  of  all  samples  selected  from  the  Crossbred 
composite  bag  was  found  to  be  4,2  percent  less  than  that  of  the  fleeces, 
whereas,  the  average  of  the  shrinkages  of  the  sai.iples  from  the  Ram- 
bouillet  fleeces  v:as  pr: .ccically  in  agreement  with  that  of  the  whole 
bag. 

In  two  instances  the  one  sejnple  had  a  shrinkage  higher  than  that 
of  the  fleeces,  v;hile  the  other  sample  offset  it  with  a  correspondingly 
lower  shrinkage.     The  most  striking  variation  vm.s  found  in  the  l/2  Blood 
grade  from  the  Crossbred  wool.    Hero  the  shrinkage  of  the  fleeces  vras 
8,3  percent  higher  than  tho  average  shrinkage  of  the  two  samples.  On 
examining  the  shrinkages  of  the  three  grades  in  this  clip,  it  will  be 
seen  that  the  random  sample  shrinkages  show  a  variation  from  one  grade 
to  another  that  is  normal  and  to  be  expected.     The  shrinkages  reported 
on  the  bags  by  the  comiaorcial  scourer,  however,  do  not  follow  this 
logical  order,   inasmuch  as  the  1/2  Blood  shrinkage  is  higher  than 
that  of  the  Fine.    V/e  are  led  to  believe  that,   in  this  instance  at 
least,  the  shrinkages  of  the  sejnples  are  a  FiOre  accurate  indication 
of  the  shrinkages  of  the  grades  in  the  clip  than  are  the  fleece  results. 

The  results  of  the  tests  on  this  Clip  No,  3-39013  are  shown  in 
table  8,  page  32, 
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Test  on  18,000  Fleeces  of  V/yoming  Wool 


To  represent  this  clip  of  18,000  fleeces,  12  bags  of  'S\\'e 
wool  and  5  bags  of  Yearling  vrool,  uniformly  spaced  throughout  the 
clip,  were  selected.     The  15  bags  thus  taken  amounted,  to  about 
2  1/2  percent  of  the  clip.     To  determine  whether  the  clip  could  be 
as  well  represented  by  a  smaller  nimber  of  bags,  the  12-bags  of  Ewe 
wool  v\rcre  divided  into  an  8-bag  lot  and  a  4-bag  lot.     The  3-bag, 
4-bag,  and  8-bag  sample  units  were  opened  and  graded  separately. 

Duplicate  samples  were  drawn  from  all  fleeces  by  the  rrxidom 
m.ethod.     These  samples  -  grades  and  lots  being  kept  separate  « 
were  shipped  to  the  MIS  vrool  scouring  laboratory  for  testing.  The 
fleeces  -  grades  and  lots  similarly  kept  separate  -  vj"cre  shipped 
to  a  commercial  wool  scourer.    As  the  equipment  of  the  coiTunercial 
concern  was  not  adapted  to  tc^sting  small  amounts  of  wool,  all  off- 
sorts  such  as  tags  and  dirty  locks  wore  subsequently  forwarded  to 
Washington  for  testing. 

A  comparison  of  the  shrinkages  of  the  samples  with  those  of 
the  bulk  is  shoivn  in  table  9,  page  19, 
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Table  9.-  0 om;pa,ri son  of  shrinka^yes  of  samples  from 
Clip  No.  2-59012  v/xth  those  of  the  Da^s 
from  which  they  were  selected 


u'rau.e  ciriQ. 

1/ 

Shrinka^^e"' 

»  t 

:  Difference  : 

G-rease 

Vv  fc;  J.  p^i-i- " 

:  Ba.o:s 

;  Saiiiples 

Bags 

Percent  Percent 

Percent  Poujids 

1^ m iTi r! 

ifrTl\T"P  ' 

8 -Bag 

65.2 

64.6 

—  0. 6 

542 

32 

4— Bag 

67.1 

6o«  3 

-  0.8 

363 

27 

3~Bag 

69.9 

66. 4 

~  3.5 

140 

Q 

Ave  vp>  p'fi 

65. 5 

65.5 

~  1.0 

Total 

1045 

65 

1/2  BLOOD* 

8-Bag 

63.7 

63.1 

-  0.6 

1015 

58 

4-Bap* 

63.1 

62.7 

-  0.4 

332 

29 

3— Bag 

66.5 

62.6 

-  3.9 

364 

12 

Ave  ra^re 

64.2 

62.9 

-  1.3 

Total 

1711 

99 

3/8  BLOOD: 

60.0 

59.8 

-  0.2 

487 

29 

59.4 

-  0.1 

323 

27 

3-Bap- 

62.7 

58.7 

-  4.0 

294 

8 

Ave  ra£:e 

60.5 

59.5 

-  1.0 

Total 

1104 

54 

1/4  BLOOD: 

S-Bap- 

57.0 

55.5 

-  1.5 

319 

22 

4-Ba2' 

57,3 

55.8 

-  1.5 

195 

16 

3- Bap- 

56.3 

55.1 

—  1.2 

127 

4 

Ave  rap'e 

56.9 

55.  6 

-  1.3 

Total 

641 

42 

LO""?  1/4  BLOOD ' 

8-Bae- 

^0 

57.5 

-  1.7 

88 

a 
0 

66.7 

■  54.1 

-12.6 

57 

T 
X 

3- Bap* 

62.2 

53.7 

-  8.5 

59 

0 

62.2 

56.4 

-  5.8 

Total 

204 

X  -L 

57.1 

55.2, 

-  1.9 

80 

1  n 

53.7 

48.2 

-  5.5 

49 

A 

A  VP  CP 

55.8 

53. 1 

—    irj  .  7 

Total 

129 

LOW  1/4  &  C  &  B: 

58.2 

55. 2 

-  2.0 

I08 

±0 

4-Bag 

60.7 

50.6 

-10.1 

106 

9 

3-Bag 

62.2 

53.7 

-  8.5 

59 

2 

Ave  rage 

59.2 

54.4 

-  4.8 

Total 

333 

29 

ALL  GRADES: 

8-Bag 

62.1 

61.0  . 

-  1.1 

2531 

159 

4-Bag 

63.0 

60.7 

-  2.3 

1319 

108 

3-Bag 

64.3  . 

61.5 

-  2.8 

934 

32 

Average 

62.6 

60.9 

-  1.7 

Total 

4834 

299 

1/ 

13  Percent  moisture  in 

scoured  wool 
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In  calculating  the  shrinkages  in  the  foregoing  tahle,  string 
and  paint  clips  were  considered  as  total  loss  whereas  the  shrinkage  of 
low  and  stained  wool  was  included.     All  shrinkages  are  "based  on  13  per~ 
cent  moisture  in  scoured  woolf     All  average  shrinkages  are  properly- 
weighted. 

A  study  of  the  foregoing  data  shows  that: 


1.  The  shrinkages  as  a  whole  were  in  satisfactory  agreement 
with  the  mill  shrinkages,  the  average  of  all  samples  "being 
only  1.7  percent  lower  than  the  mill  shrinkage  on  the  en- 
tire 15  hags. 

2.  Shrinkages  for  individual  grade  samples  were  at  times  at 
considerable  variance  with  those  for  commercial  grade  lots. 
These  variations  may  be  explained',  either  on  the  assumption 
that  the  sample  shrinkages  are  too  low  or  that  the  mill  shrink- 
ages are  too  high.     In  one  instance  in  which  the  differences 
were  part iculs-rly  marked  the  evidence  points  to  the  greater 
accuracy  of  the  sample  shrinkage.     In  the  case  of  the  samples 
drawn  from  the  4-bag  lot,  the  l/4  Blood  sample  sho?/ed  a 
shrinkage  of  55.8  percent,  the  Low  l/4  Blood  sample  a  shrink- 
age of  54.1  percent,  and  the  Common  and  Braid  sample  a 
shrinkage  of  48.2  percent;  whereas,   the  commercial  bulk 
shrinkages  on  the  same  grades  were  respectively  57.3  percent, 
66.7  percent,  and  53.7  percent.   It  is  a  matter  of  experience 
that  almost  invariably  coarser  wools  have  lower  shrinkages. 

On  this "basis  the  drop  in  the  shrinkages  of  the  random  samples 
is  reasonable  and  consistent.     On  the  other  hand,  we  find 
that  the  bulk  shrinkage  of  the  Low  l/4  Blood  wool  instead  of 
dropping  a  few  percent  below  the  bulk  shrinkage  (57.3  percent) 
of  the  1/4  Blood  wool,  as  would  be  exijected,   increased  by 
9.4  percent  to  a  shrinkage  of  66.7  percent.     This  figure  is 
practically  as  high  as  that  for  the  bulk  shrinkage  on  the  Fine 
wool  in  the  4-bag  lot.     Such  variations  among  the  shrinkages 
of  different  grades  of  wool  are  hot  reasonable,  particularly 
in  view  of  the  fact  that  the  shrinkages  of  the  samples  in- 
dicated consistent  and  reasonable  decreases  from  the  higher 
to  the  lower  grades.     These  large  variations  among  the  com- 
mercial bulk  shrinkages  on  the  different  grades  are  very  pro- 
bably due  to  an  attem.pt  to  scour  small  qiiantities  of  wool  in 
machinery  designed  to  handle  much  la,rger  quantities. 

3.  The  individual  grade  shrinkages  and  the  average  shrinkage  of 
the  samples  of  the  3-bag  lot  of  Yearling  wool  are  not  in  as 
good  agreement  with  the  corresponding  bulk  shrinkages  as  in 
the  case  of  the  4~bag  and  8-bag  lots  of  Ewe  wool.     This  is 
probably  due  in  part  to  the  fact  that  the  Yearling  wool  con-^ 
tained  a  higher  percentage  of  tags  than  did  the  Ewe  wool. 
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If,  as  is  generally  assumed,  a  large  enough  proportion 
of  tags  and  other  wool  that  has  heavy  shrinkage  is  not 
included  in  the  selections  by  the  random  sampling  method, 
it  follows  that  the  difference  in  the  shrinkage  of  the 
random  sample  frO'ii  the  very  taggy  Yearling  wool  and  the 
shrinkage  of  the  bulk  yvooI  Y>rould  be  much  greater  than  the 
difference  in  the  shrinkage  of  the  random  samples  from 
the  less  taggy  Evi/e  wool  and  that  of  the  bulk. 


4,    Practically  the  same  results  would  have  been  obtained  if 

instead  of  sampling  15  bags,  the  sa.mpling  had  been  confined 
to  5. 


In  addition  to  the  mill  shrinkages  actually  determined  from  the 
wool  under  test,  there  was  available  a  commercial  estimate  on  the  shrink- 
age of  this  particular  clip.     The  shrinkage  for  the  entire  clip  ms 
estimated  to  be  59.6  percent.     It  is  interesting  to  note  that  our  sample 
shrinkage  on  the  entire  clip  was  60,9  percent,  which  is  just  about  mid- 
way between  the  mill  shrinkage  determination  of  62,6  percent  and  the 
commercial  shrinkage  estim&-te  of  59,6  percent. 

The  results  of  this  experimental  sampling  project  have  been  en- 
couraging and  indicate  that  our  methods  are  accurate  enough  to  furnish 
useful  information. 


Test  on  24,000  Fleeces  of  Utah  Wool 


After  the  shearing  of  this  clip,  entire  bags  wore  selected  at 
intervals.     In  this  v/ay  a  total  of  16  entire  bsigs  v\ras  selected.  Those 
bags  were  opened  and  duplicL.to  random  samples  draivn  from  each  fleece. 
Shrinkage  determinations  on  the  sam.ples  were  made  in  the  AMS  wool 
scouring  laboratory.     For  purposes  of  comparison  with  the  results  on 
the  samples  there  are  available  on  this  clip  an  estimated  commercial 
shrinkage  on  135,479  pounds  of  the  Fine  wool,  and  an  actually  determined 
mill  shrinkage  on  21,820  pounds  of  the  wool  without  regard  to  grade,  A 
comparison  of  the  varioi.is  shrinkages  follows: 


■  percent 

Estimated  shrinkage  of  135,479  pounds  of  Fine  v/ool  65.9 

Sample  shrinkage  of  Fine  wool  62,4-t 

Actual  mill  shrinkage  of  21,820  pounds  ungraded  wool  66.6 

Average  shrinkage  of  all  sam.ples  60,9 
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In  examining  these  comparisons,   striking  differences  are  seen 
between  the  results  of  tests  on  saiaples  and.  the  results  othervj'ise  ob- 
tained on  the  bulk.     Information'  available  on  the  bag  and  olip  weights 
at  point  of  origin  in  the  T/est  and  at  destin&.tion  in  the  East  shows    a  t 
gain  in  transit  or  after  arrival  of  4,73  percent.     This  gain  in  weight 
occurred  before  the  mill  shrinkage  test  on  21,820  pounds  of  the  clip 
had  been  run,  but  subsequent  to  the  sampling  of  the  clip  for  laboratory- 
test  purposes.     It  appears,  therefore,  that  these  large  variations  be- 
tv;een  sample  shrinkages  and  bulk  shrinkages  might  be  partly  due  to  an 
increased  moisture  content  in  the  bulk  of  the  wool.     If  the  bulk  shrink- 
ages are  recalculated  on  the  assumption  that  the  original  grease  bulk 
weight  should  be  reduced  by  4,73  percent  to  make  the  bulk  shrinkages 
comparable  Y/ith  the  sample  shrinkages,  the  following  comparisons  are 
obtained: 

.  Percent 


Estimated  shrinkage  of  135,479  pounds  of  Fine  wool  64,2 

Sample  shrinkage  of  Fine  wool  62.4 

Actual  mill  shrinkage  of  21,820  pounds  ungraded  wool  65,0 

Average  shrinkage  of  all  saciplos  60.9 

It  will  be  noted  that  the  sample  shrinkages  still  show  consider- 
able variation  from  the  bulk  shrinkages  although  bettor  agreement  has 
resulted  from  the  recalculation.     It  is  also  interesting  to  note  that 
due  solely  to  the  increase  in  v^eight  of  the  clip,   its  shrinkage  appears 
to  have  increased  from  65.0  percent  at  the  ranch  to  66.6  percent  at  the 
mill. 

?ffiOLE-FLEECE  Sx'U!£PLES,  ^(ANDOM  SAl/IPLES  AND  ALIQUOT  SUBSMPLES 
COMPAFiED  AS  A  MEiJiS  OF  .ESTBi/.TING  SHRINKi^xGES 

Tests  on  Bags  No.  12,  134  and  133  From 
"BureiXr  oT^'" Animal  IndusTry  ~" 

In  connection  with  these  tliree  bags  of  wool,   it  was  decided  to 
try  several  sampling  methods  that  appeared  to  have  particular  merit. 
The  objective  was  to  obtain  samples  that  vrould  have  shrinkages  strictly 
comparable  with  each  other  and  vjith  the  shrinkage  of  the  entire  bag.  Ac- 
cordingly, the  random,  Y«rhole-f leece,  and  subsample  methods  were  used* 
These  methods  have  been  described  previously. 
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The  first  step  in  this  experiraent  -ms  to  grade  the  fleeces  in 
each  bag.     The  floeces  -7er3  not  all  of  the  same  grade  consequently,  in 
making  up  whole  fleece  samples  to  represent  the  indii'idual  bags,  it  ap- 
peared necessary  to  choose  "sets''  of  floeces  containiii    as  nearly  as 
possible  the  same  proportionate  number  of  fleeces  of  ea..h  grade  as  in  the 
original  bag.     Thus,   if  the  original  bag  contained  about  25  percent  Fine, 
50  percent  l/2  Bloody  and  25  percent  3/8  Blood  fleeces,  each  set  of 
■whole    fleeces  was  chosen  to  contain  the  same  proportions  of  the  differ- 
ent grades.    After  tlie  sets  of  whole  fleeces  were  decided  upon,  the 
procedure  was  as  follows:. 

Each  fleece  in  the  set  wa.s  sampled  heavily  by  the  random 
method  and  the  samples  combined  to  make  a  random  sain.ple  repre- 
sent e.tive  of  the  set. 

The  remainder  of  the  fleece  ViTP.s  opened,  paint,  burrs,  and 
tags  ware  removedj  and  then  it  was  dusted.     From  each  dusted 
fleece  a  5  percent  subsample  v/as  taken.     These  iv-ere  combined  to 
make  a  5  percent  sample  reprosen"cative  of  the  entire  set. 

The  remainder  of  each  dusted  fleece  was  scoured  as  a  unit, 
since  it  appeared    desirable  to  get  information  on  the  individual 
fleeces.     By  calculation  it  was  possible  to  combine  the  shrinkages 
of  the  individual  fleeces  to  obtain  the  shrinkage  of  the  set  as 
based  or  the  balk  of  the  fleeces, 

A  comparison  of  the  shrinkages  of  the  various  samples  and  sets  of 
fleeces  in  the  three  bags  is  given  in  table  10« 
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Table  10. 

-  Shrinkages 

of  samples  and  sets 

of  fleeces 

 ^  — ^  ^ — -..^ — 

—  ^  



Percent  of 

<=;  ViT*  1  Tilca  fe 

TT 

bag  i\io« 

:     o6us  : 

10  percent: 

5  percent 

and 

:  of 

l/ViiU-Lc 

;    A,c>.J.iU.uiu  ; 

subsample  : 

subsample 

breed 

:     whole  : 

"P  "1      O  c 
1  X  C!  C/  kJ 

;    o  ctiujj  X  c/  b  I 

of  random  : 

of  whole 

fleeces 

sample  : 

i.leece 

 —  ^ — 

Percent 

Percent 

Percent 

Percent 

RAH-  T\Tn      1  P  . 

56.8 

55.9 

5?  9 

5R  1 

7\  0  T"  Pi  y  tVi  p  p 

2-8  " 

tj  "*  u 

57  6 

57  1 

56. 1 

•J  VJ  .  X 

58-0 

Fleeces 

3-7  " 

54  7 

53  -  6 

54.3 

55.1 

A     1  " 

04  .  o 

OO  .0 

Entire  Bag 

5fi  4 

^■5  6 

O  /  e  1 

dKkj  wo.  loo: 

1-5  Fleeces 

49.1 

49.8 

/IP  A 

oU  UOlUITlDia 

on  tt 

48.1 

49.9 

AP  1 

P  X  c  c    c  O 

<j  —  «j 

45.6 

44.0 

42  6 

46-6 

4--.S  " 
1-— o 

46-0 

45.6 

4-5  5 

45  5 

5-5  " 

44-6 

43 . 9 

42.7 

45.1 

D-D 

46.  7 

47-3 

4d  •  o 

4i:b  .  O 

Entire  Bag 

46 . 6 

46  -  8 

4tD  .  u 

/I  1^  7 

"DAP    MA        1      /I  . 

Dii(i  iMO.  lo4t: 

i-o  r leeces 

48.5 

48.6 

/I  Q 

4i:y  .  O 

/IP  T 

oU  uomeaaie 

9    t;  It 

49.3 

48.3 

/I  Q  R 

^ty .  0 

r  X  o  ti  o  y  o 

O  —  D 

46 » 9 

47.8 

4-fl  ? 

4-7  n 

4-5  " 

43.8 

43.9 

43.4 

44.1 

5-6  " 

46.6 

45.8 

44.3 

46.2 

aitlrT'^ag 

47.1 

47.1 

46.9 

47.1  • 

Average  of  3  bags 

50.0 

49,8 

49.1 

50.3 

l/lW  percent  moisture  in  scoured  wool. 


In  examining  the  above  table  the  following  points  become  apparent: 

1.  On  all  three  bags  the  random  samples  gave  satisfactory  results, 
the  greatest  variation  from  the  bag  shrinkage  occurring  in  the  case  of 
Bag  No.  12,  with  a  variation  of  -  0.8  percent.     It  is  interesting  to  note 
that  in  this  bag  of  relatively  Fine  wool  the  proportion  of  tags  was 
higher  than  in  the  other  two  bags. 

2.  The  10  percent  subsamples  drawn  from  the  random  samples  did  not 
give  particularly  good  results.    The  explanation  for  this  probably  lies 

in  the  fact  that  the  subsamples  were  rather  small,  perhaps  too  small  for 
accurate  determinations. 

3.  The  5  percent  subsamples  from  the  whole  fleeces  gave  fairly 
good  results,  the  greatest  individual  variations  being  1,3  percent  and 
the  greatest  variation  from  an  entire  bag  being  +0,7  percent. 
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4«     The  shrinkages  of  the  sets  of  whole  fleeces  often  showed 
appreciable  variations  from  the  shrinkages  of  the  entire  bags.  These 
variations  ranged  in  magnitude  from  +  2.5  percent  to  -  3.3  percent, 

A  statistical  analysis  of  the  shrinkages  of  the  individual 
fleeces  in  these  bags  vms  made  to  obtain  an  indication  of  the  number 
of  whole  fleeces  needed  to  afford  a  reliable  indication  of  the  shrink- 
age of  a  clip.     It  viB.s  concluded  that  to  determine  the  shrinkage  for 
a  grade  vfithin  a  clip,  a  sample  of  30  v/hole  fleeces,   selected  at  random 
throughout  any  particular  grade,  vrould  be  needed  and  the  result  would 
have  an  accuracy  of  -  2  percent  for  a.  probability  of  99  percent.  With 
such  a  large  vmole-f leece  sample  necessary  for  the  indicated  accuracy, 
it  seems  more  promising  to  proceed  with  attempts  to  develop  and  improve 
the  random  sajnpling  method.     It  would  then  be  possible  to  sample  larger 
numbrers  of  whole  fleeces  xvithout  acquiring  an  impracticably  large  bulk 
of  wool. 

The  tests  on  these  three  bags  are  one  more  indication  of  the 
desirability  of  modifying  the  random  sampling  method.    Although  there 
will  be  room  for  improvement  in  the  random  sampling  method  used  in 
these  test.s,  the  greatest  error  occasioned  in  estimating  the  shrinkage 
of  a  bag  was  only  -  0,8  percent.     Further  attem.pts  are  planned  to  im- 
prove random  sampling  tests. 

Tests  ivith  the  subsample  method  indicated  that  mth  small  sub- 
saraples  of  l/2  to  3/4  pounds,  the  slirirJcages  might  be  considerably  in 
error  but  that  v.dth  subsam.ples  amounting  to  6  or  7  pounds  in  vreight, 
the  shrinkages  vrould  be  reliable  to  -  0.7  percent, 

Com"Darison  of  Shrinkages  of  Subsamples  ?;ith  Bulk 

In  order  to  obtain  additional  inf onuation  relative  to  the  re- 
liability, of  subsampling,  10  percent  subsamples  were  dravm  from  five 
dusted  and  blended  fleeces.     The  shrinkages  are  compared  in  table  11 • 

Table  11,  -  Shrinkages  of  subsainples  and  wV.ole  fleeces 


Percent  of  shrinkage 


Fleece 

:   10  percont  : 

Difference 

No, 

:  Bulk 

;   subsarn'ole  : 

percent 

Percent 

Percent 

3337-A 

51.6 

51.1 

-  0,5 

3328-A 

54.1 

53.6 

-  0.5 

2998-K 

54.8 

55.4 

+  0,6 

3005-K 

55.2  . 

54.8 

-  0,4 

2993-K 

61.7 

62.1 

+  0,4 

Average 

55,5 

55,4 

-  0.1 

l/"l3  percent  moisture  in  sc"oured  w'ool'. 
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In  these  bests  it  vms  found  that  the  highest  difference  "be- 
tv^reen  the  shrinkage  of  a  subsample  and  of  its  corresponding  fleece  was 
0,6  percent.     Furthermore,  the  avere.ge  shrinkage  of  the  five  subsamples 
ims  only  0.1  percent  lovj-er  than  the  average  shrinkage  of  the  five 
fleeces.     It  appears  evident  that  reliable  results  can  be  obtained  by 
scouring  lO  percent  subsamples  of  4- pound  to  10-pound  samples  of  wool, 
provided  the  samples  are  dusted  and  blended  thoroughly  before  the 
subsamples  are  taken. 

Variations  Between  Duplicate  Random  Samples 

The  following  are  the  variations  found  as  a  result  of  conduct- 
ing 60  tests  involving  duplicate  samples  selected  from  Montana  clips: 


Number  Variations 
of  tests  between  samples 


19 

0,0 

to 

0.5 

14 

0.6 

to 

1.0 

11 

1.1 

to 

1.5 

"7 

1.6 

to 

2.0 

9 

2,1 

to 

4.5 

A  similar  experiment  ?/as  carried  on  in  connection  with  Utah  wool 
and  the  results  obtained  are  as  follovj-s: 

Number  Variations 
of  tests  between  samples 

Percent 


2 

0.0 

to 

0.5 

4 

0,6 

to 

1.0 

0 

1.1 

to 

1.5 

1 

1.6 

to 

2.0 

2 

2,1 

to 

2.5 

2 

2,6 

to 

3.0 

2 

3.1 

to 

3.5 

The  majority  of  the  variations  between  duplicate  samples  are 
within  the  2  percent  variation  limit  accepted  as  a  goal.  However, 
there  are  some  variations  that  are  seriously  largo.  Statistical 
analyses  have  indicated  that  these  larger  variations  are  to  be  ex- 
pected as  a  result  of  oversimplifying  the  sampling  problem  and  dravj- 
ing  too  small  samples  from  too  few  fleeces.    Larger  samples  drawn  from 
a  greater  number  of  fleeces  will  yield  better  results. 


IKFUHfENCE  OF  OFFSORTS  OH  SHRINIIAGE 
Tests  in  Cooperation  Yifith  a  Commercial  Scourer 


As  a  result  of  the  practice  in  this  country  of  placing  tags  and 
dirtier  portions  inside  of  the  fleeces  vxhen  preparing  them  for  market, 
the  wool  on  the  exterior  is  usually  cleaner  and  of  leaver  shrinkage  than 
that  of  the  interior.    V^T'ien  the  amount  of  tags  in  a  clip  is  small  the 
influence  on  shrinkage  is  relatively  unimportant.    However,  there  are 
many  clips  vrhich  do  exhibit  considerable  nonunif ormity  traceable 
directly  to  the  inclusion  of  a  relatively  large  amount  of  tags  within 
the  fleeces.     In  vieiv  of  this  it  is  necessary  v;hen  sampling  to  take 
into  account  the  relationship  of  the  exterior  to  the  interior  of  the 
fleeces. 

Tests  were  made  on  seven  lots  of  v/ool  and  information  obtained 
regarding  the  amounts  of  tags  and  offsorts  and  their  influence  on  the 
shrinkage  of  the  lots.    The  outer  portions  of  the  fleeces  in  each  of 
those  lots  v;ere  sampled  by  the  random  method.     By  comparing  the  shrink- 
ages of  the  samples  vfith  tlie  shrinkage  of  the  bulk,  including  and  ex- 
cluding offsorts,   it  I'jt.s  possible  to  determine  just  how  greatly  the  tags 
and  dirtier  portions  affected  the  shrinkage.     The  results  of  the  tests 
arc  shown  in  table  12. 

Table  12,  -  Shrinkages  including  and  excluding  offsorts 


:  Percent 

of  shrinkage  1/ 

'  ConiTaercia 

1  bulk 

Lot  No. 

:!!i!]xGTusivo: 

Inclusive: 

Random  • 

Difference 

: offsorts  : 

offsorts  : 

sample 

:       A  : 

B  : 

"  C-A  : 

C-B 

Percent 

Percent 

Percent 

'Pe* 

rcent 

Percent 

Percent 

3-39003 

50.3 

51.3 

49.6 

+ 

1.0 

-  0.7 

-  1.7 

3-39006 

55.7 

56.9 

54.6 

+ 

1.2 

-  1.1 

-  2.3 

3-39013: 

Crossbred 

56.6 

57.6 

53.4 

1.0 

-  3.2 

-  4.2 

Rambouillet 

65.9 

67.6 

67.6 

1.7 

+  1.7 

0.0 

2-39012: 

8-Bag  Ewes 

61.1 

62.1 

61.0 

+ 

1.0 

-  0.1 

-  1.1 

4-Bag  " 

62.2 

63.0 

60.7 

+ 

0.8 

-  1.5 

-  2.3 

3-Bag  Yrlgs. 

62.7 

64.3 

61.5 

+ 

-  1.2 

-  2.8 

Average 

59.2 

60.4 

58.3 

+ 

1.2 

-  0.9 

-  2.1 

1/  13  percent  moisture  in' scoured  wool. 
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The  bulk  shrinkages  including  the  offsorts  average  1»2  percent 
higher  than  the  bulk  shrinkages  excluding  them.     The  average  sample 
shrinkage  is  0.9  percent  lower  than  the  bulk  shrinkage  excluding  off- 
sorts,  but  2,1  percent  lower  t)  an  the  bulk  shrinkage  including  them,  f) 
It  appears  impossible  to  arrive  at  any  other  conclusion  than  that  at 
least  part  of  the  difference  between  sample  and  bulk  shrinkages  must 
be  due  to  restricting  the  sampling  to  the  outermost  and  more  tag  free 
portions  of  the  fleeces.    A  revision  of  the  sampling  method  will  in  all 
probability  not  entirely  solve  the  problem,  but  it  should  help  to  some 
extent  to  produce  sam.ples  without  the  consistently  "minus"  shrinkage  ^ 
error  we  have  found. 

SLWiARY 

(1)  Subsamples  liaving  a  minimuia  weight  of  from  6  to  7  pounds  drain/n  from 
thoroughly  blended  wool  were  shovm  to  have  a  shrinkage  within  i  0,7 
percent  of  the.  bulk  from  which  they  were  dravai.     This  has  been  and 
should  hold  true  no  matter  hov/  heterogenous  the ■ original  wool,  and 
even  if  the  subsamplc  aiiiounts  to  only  2  percent  of  the  v/eight  of 
the  original  wool, 

(2)  From  experiments  on  three  bags  of  Montana  wool,   indications  are 
that  30  whole  fleeces  selected  at  random  from  a  similar  lot  of  a 
single  grade  villi  give  the  shrinkage  of  that  lot  vdth  an  accuracy 
of  -  2  percent  and  a  probability  of  99  percent, 

(3)  Analysis  of  the  reports  on  coramercial  tests,   investigation  of  the 
coinmercial  procedure,  and  study  of  our  results  show  that  it  is  not 
feasible  to  test  small  samples  in  large  scale  coinmercial  equipment, 
The  accuracy  of  results  on  small  portions  so  scoured  is  in  doubt. 
Since  commercial  shrinkages  on  small  quantities  have  in  the  past 
formed  the  basis  v\rith  vrhich  our  sample  shrinkages  have  been  compared, 
it  is  felt  that  some  of  the  errors  attributed  to  our  tests  may  be 
too  high.     On  the  other  hand,  there  ?ias  been  rather  consistent 
agreement  between  the  shrinkages  of  samples  obtained  in  the  wool  * 
laboratory  and  those  obtained  by  commercial  scourers  when  the 
quantities  of  yiooI  tested  by  the  scourers  amounted  to  at  least 

200  pounds. 

(4)  It  has  been  demonstra.ted  that  there  is  a  tendency  for  shrinkages  to 
be  lovi  when  samples  have  been  selected  by  the  random  sampling  m.ethod 
as  previously  used.    As  a  result  of  our  studies  it  is  felt  that  this 
is  due  to  the  fact  that  the  tags  and  heavy  shrinking  wool  have  not 
been  represented  in  the  sample  in  proper  proportions.  Experiments 

are  in  progress  v/ith  a  view  to  modifying  the  riijidom  sampling  method  ^ 
so  that  it  will  give  more  accurate  results.  "C 
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Statistical  analyses  of  the  variability  of  shrinkage  of  fleeces 
among  three  breeds  of  sheep  indicate  that  the  composite  bag 
method  of  representing  clips  is  based  on  an  oversimplification 
of  the  sampling  problem.     This  is  especially  true  ivhen  an  at- 
temp  is  made  to  determine  from  a  composite  bag  of  30  fleeces 
the  shrinkage  of  the  individual  grades  in  a  clip  representing 
four  or  more  grades. 
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INTRODUCTIOH 


Wool  as  it  comes  from  the  sheep  contains  relativ.elj''  large  quanti- 
ties of  extraneous  substances,  such  as  na.tural  grease,  dried  perspiration, 
soil,  sand,  vegetable  matter,  etc.    As  this  extraneous  matter  has  original- 
ly cost  the  "buyer  just  as  much  per  pound  as  has  the  clean  fiber  content, 
its  elimination  by  cleansing  the  wool  would  represent  a  serious  loss  to 
him,  unless  there  were  a  compensating  increase  in  the  price  for  the  smaller 
amount  of  cleaned  v;ool  remaining.     It  is  evident,  therefore,  that  the 
ajnount  of  impurities  carried  by  grease  v/ool  has  considerable  influence 
on  its  market  value,    A  good  illustration  of  the  importajice  of  scouring 
loss  or  slirinkage  as  a  price  determining  factor  is  seen  when  Pine  Terri- 
tory wool,  which  sells  in  the  market  on  a  basis  of  $1.00  per  scoured 
pound,  decreases  in  grease  value  1  cent  per  pound  for  each  1  percent  in- 
crease in  shrinlcage. 

Producers  have  recognized  their  need  fc:  reliable  information  per- 
taining to  shrinkage,  so  that  they  can  market  their  clips  to  better  ad- 
vantage.    In  response  to  an  insistent  demand  from  them  ajid  their  organiza- 
tions, the  Agricultural  Marketing  Service  inaugura-ted  a  research  project 
in  1937,  the  objective  of  which  is  the  development  of  a  quick  and  dependable 
method  of  sampling  clips  or  lots  of  v/ool  for  shrinkage  determination. 

Attempts  have  been  made  from  time  to  time  by  commercial  concerns 
to  select  small  samples  of  irool,  test  them  for  shrinkage,  aJid  apply  the 
shrinkages  to  the  lots  from  which  the  samples  had  been  taken.     The  method 
has  not  proved  consistently  reliable,   and  its  failure  appears  to  have  been 
caused  in  tv/o  possible  v;ays:     First,  the  selection  of  the  samples  by  trained 
men  who  relied  upon  their  judgment  in  picking  the  wool  that  went  into  them; 
and  secondly,  the  probable  absence  of  control  in  the  testing  procedure.  In 
a  test  of  this  kind,  the  samples  v;ould  be  in  error  in  proportion  to  the  er- 
ror in  the  judgment  of  the  sampler.     It  has  been  shovm,  hov/ever,  that  v;ith 
the  subordination  of  personal  judgment  and  the  substitution  of  a  systematic 


ly    Research  conducted  by  the  Agricultural  Marketing  Service  in  cooperation 
with  laboratories  of  colleges,  universities.  State  exjoeriment  stations  of 
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method  of  sampling,  progress  is  made  in  correcting  this  error.     It  has  also 
"been  demonstrated  tha.t  if  la."boratory  control  is  practiced,  there  will  be  a 
commensurate  increase  in  the  acciu'acy  of  the  results  of  the  tests* 

In  1938.,  checks  were  first  made  "by  the  Agricultural  Marketing  Ser- 
vice of  the  shrinkages  of  samples  agninst  the  shrinkage  of  the  wool  from 
which  they  v/ere  taken.     In  that  year  the  shrinkages  of  the  s.^ples  from 
20  individual  "bags  were  compared  with  the  shrinkage  of  the  wool  itself. 
The  extreme  differences  of  these  senple  shrinkages  from  "bulks  were  -1,2 
percent  and  -6,5  percent,  v/ith  an  average  difference  of  -3.18  percent.  This 
average  difference  of  -3.18  percent,  coupled  \-jith  large  individual  differ- 
ences, was  not  satisfactory.     It  is  interesting  to  note  tliat  in  a-11  the 
tests  made  in  1938,  sajnoles  had  shrinkages  lower  thaJi  that  of  the  wool  from 
which  they  were  taken. 

In  1939,  similar  coixoarisons  were  made  of  the  shrinkages  of  21 
sepsxate  quantities  of  vfool.    Although  the  results  were  more  sa.tisf actory 
than  in  the  preceding  year,  the  differences  "between  sample  shrinkages  and 
bulk  shrinkag'es  ranged  from  0,0  percent  to  -12,6  iDercent,  vrith  an  average 
of  -2.7  percent.     In  every  instance  "but  one,  the  sample  slirinka^es  proved 
to  "be  lower  than  the  correspond.ing  bulk  shrinkages,    A  careful  study  of  the 
results  of  this  work  indicated  quite  clea.rly  that  the  still  unsatisfactory 
results  obtained  in  1939  could  be  explained  by  the  fact  that  relatively 
small  quantities  of  wool  were,  scoured  in  standard  commercial  equipment  and  . 
that  the  grades  of  wool  were  represented  by  samples  from  only  a  few  fleeces. 

The  changes  found  to  be  necessary  through  former  exjperiments,  vrere 
introduced,  and  therefore  the  results  obtained  in  1940  are  satisfactory,,., 
Despite  encouraging  improvement,  however,  the  v;ork  is  still  considered  as 
of  a  research  nature, 

METHOD  OP  APPROACH 

•  To  date,  work  has  been  directed  primarily  toward  obtaining  basic  in- 
formation regarding  the  closeness  with  v/hich  hand  samples  would  indicate  the 
shrinkage  of  the  wool  f rom  v/hich  they  were  dravrn.     This  preliminary  work 
was  necessary,  so  that  any  method  of  sajir^ling  ' that  might  be  developed  i^ould 
have  a„  sound  basis.     In  conducting  these  studies,  various  methods  of  sam- 
pling v/ere  tried,  and  tiie  results  indicated  that  the  selecting  of  wool  ^t . 
random  from  tied  fleeces  wa.s  the  most  practiCval  procedure.    Extended  in- 
vestigations into  the  selecting  of  particular  body  sorts  definitely  show 
the  diff icultj''  that  is  experienced  \vhen  attempts  are  made  to  locate  such 
parts.    The  only  time  a  definite  part  of  a  shorn  fleece  can  be  located  is 
when  the  fleece  drops  from  the  animal  in  the  shearing  pen.    This  difficulty 
malces  such  a  method  impractical  from  a  commercial  staJidT)oint, 

Results  obtained  tlirough  the  random  hand- sampling  method  furnish 
evidence  that  the  method  has  merit,  and  that  the  information  so  obtained 
presents  a  minimum  of  bias.    Progress  can  be  made  in  further  eliminating 
bias  by  placing  the  sajn;oling  upon  a  complete  statistical  basis,  and  by 
establishing  the  variability  of  the ' different  types  of  domestic  v/ool  which 
it  may  be  necessary  to  sample.    With'  information  regarding  the  variability 


of  the  wool  to  "be  sampled,  and  with  the  upper  limits  of  permissiDle  error 
established,  it  should  "be  possible  by  statistical  methods  to  state  definite- 
ly how  many  bags  or  fleeces  of  wool  must  be  sampled  and  how  many  hand  ssjn- 
ples  must  be  Cltsmxi,  in  order  to  represent  the  bulk  within  the  previously 
decided  upon  limits  of  error  for  any  desired  probability.    Properly  handled, 
such  a  sampling  method  should  lead  to  consistently  accurate  shrinkage 
determinations. 

HAiraOM  HMD  SAILING 

The  .Tiethod  followed  in  selecting  sai'irples  on  which  reports  are  made 
herein  may  be  designated  as  "random  hand  sampling."    This  method  of  saiUr- 
pling  calls  for  the  taking  of  a  number  of  handjfuls  of  v/ool,  weighing 
possibly  1/20  of  a  pound  each,  from  several  locations  in  the  fleeces. 
Insofar  as  possible,  personal  judgment  is  elimina.ted,  aaid  no  studied  at- 
tempt is  made  to  make  representative  selections  from  the  fleeces.  Ac- 
cording to  the  findings  of  the  Agricultural  iiaxketing  Service,  the  ^^rocess 
of  taking  wool  at  random  produces  a.  com-posite  sample  that  is  more  represen- 
tative than  would  be  obtained  by  exercising  personal  judgment  in  the  selec- 
tion of  the  wool. 

Of  considerable  importance  v.dth  respect  to  random  sampling  is  the 
fact  that  tests  have  proved  that  samplers  with  little  wool  experience  were 
able  to  obtain  saraples  that  represented  the  bulk  just  as  accurately  as 
experienced  men  were  able  to  obtain.     This  indicates  that  no  great  amount 
of  training  is  necessary  to  enable  a  person  to  obtain  representative  sam- 
ples, providing  the  requirements  of  the  method  are  strictly  adJiered  to, 
Moreover,  in  the  long  run,  ineirperienced  men  r;:y  prove  more  dependable  as 
samplers,  since  they  would  not  discern  the  difference  in  the  wool  that  would 
be  apparent  'to  the  eyes  of  trained  samplers,  and  therefore,  they  would  not 
be  influenced  in  the  selection  of  the  samples. 

EFFECT  OF  OFFSORTS  ON  SHRINICAGE 

The  accuracy  with  which  samples  selected  by  hand  from  tied  fleeces 
will  represent  a  lot  of  wool,  has  been  questioned  on  the  grounds  that  the 
hea,vy  shrinking  parts  of  the  fleece,  x^rhich  are  usually  found  inside  the 
bundled  fleece,  not  be  represented  in  the  proper  amounts  in  the  sam- 

ples.    It  has  been  thought  that,  in  consequence,  the  shrinlrages  of  the 
random  samples  would  be  substantially  lower  than  the  shrinkage  of  the  vrool 
from  which  the  samples  were  taken.     In  order  to  determine  the  validity  of 
this  contention,  a  number  of  experiments' were  conducted  to  find  the  ma:cimum 
variation  in  shrinkage  tha.t  would  occur  by  excluding  heavy  shrinking  off- 
sorts.     The  majority  of  the  tests  were  made  on  fine  and  l/2-blood  territory 
wool,  and  the  results  indicate  that  no  serious  problem  is  presented  by 
offsorts  in  this  kind  of  wool  when  it  is  properly  prepared. 

In  the  21  lots  of  wool  tested  during  the  last  season,  the  percentages 
of  offsorts  made  in  sorting  ranged  from  a  lov;  of  1  percent  to  a  nigh  of  6 
percent,  with  an  average  of  2.8  percent  for  all  lots.    The  increase  in 
the  shrinkage  of  the  various' lots  tested,  due  to  the  inclusion  of  the  offsorts 
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in  the  calculations,  ranged  from  0,4  percent  for  the  well-prepared  wools 
to  1.9  percent  for  the  "taggy"  lots.    The  average  increrase  for  all  lots 
tested  was  found  to  "be  1.2  percent.    This  \rould  indicate  that  even  if 
random  hand  samples  were  dra.v;n  so  as  to  include  no  ta^s,  britch,  or 
heavy-stained  v/ool  at  all,  the  ma:simum  difference  caused  "by  the  exclusion 
of  these  off sorts  would  be  only  1.9  percent.    Tags  and  heavy-stained  sorts 
are  found  to  some  extent  in  all  s^unples,  so  that  in  the  com'se  of  the 
customary  testing  the  possible  discrepancy  due  to  failure  to  include  them 
v/cold  be  inconsequential. 

Full  details  in  connection  with  comparisons  made  for  the  puroose 
of  indicating  the  influence  of  off sorts  on  shrinkage  are  shown  in  table  1, 
page  12.  . 

li^IPORTMCE  OF  STMDAPJ)IZED  TESTING 

The  Agricultural  Marketing  Service  has  conducted  studies  v/hich  show 
that  successive  s.-^rnples  drj^m  from  a  lot  of  grease  wool  may  give  different 
shrinkage  results  when  tested  in  different  laboratories.    These  differences 
may  be  ascribed  to  tv/o  causes:    An  actual  difference  in  the  samples,  and 
imperfect  methods  of  measiiring  in  the  laboratory.     In  order  to  determine 
to  what  extent  variations  in  labora.tory  teciinique  alone  might  affect  shrink- 
ages, samples  that  were  made  as  nearly  alike  as  possible  by  thorough  blend- 
ing, were  sent  to  seven  laboratories  to  be  tested  for  shrinkage  in  accordance 
with  their  respective  methods.    Comparisons  of  the  re"oorts  made  by  these 
laboratories  show  a  need  for  the  standardization  of  methods  of  testing  aaid 
the  introduction  of  controlled  procedure  in  laboratory  teciinique,  so  that 
greater  uniformity  in  results  may  be  attained  and  differences  reduced  to 
the  point  where  they  v/ill  be  of  little  commercial  significance. 

A  brief  su^amary  of  the  results  of  this  interlabora.tory  test,  together 
x>rith  adjustments  ma.de  throijgh  comroutation  and  subsequent  tests  of  the 
scoured  product,  is  presented  in  the  following  table. 

Table  2  -  Comparison  of  original  aiid  corrected  sample  shrinkages 


• 
• 

• 
• 

Original  : 

Average  shrinkage 

:     Changes  in 

Cooperating: 

No.  of  : 

average  : 

corrected  to  same 

;  shrinkages 

Laboratory  : 

samples  : 

shrinkage  : 

Moisture  and  impuri- 

; originally 

• 
• 

tested  : 

reported  : 

ties  content 

;  re"oorted 

Percent 

Percent 

Percent 

No.  1 

8 

59.87 

58.41 

-1.46 

No.  2 

.4 

58.23 

57.99 

-0.24 

No.  3 

4,; 

58.97 

57.76 

-1.21- 

No.  4 

4  ■ 

,  57.79 

57.94 

+0.15 

No.  5 

4 

60.00 

53. 36 

-1.64 

No.  6 

4 

57.04 

57.71 

+0.67 

No.  7 

4 

58.21 

58.37 

+0.16 

Ho.  1 

3 

60.13 

53. 15 

-1.98 

Average 

,  58.87 . 

58.12 

-0.75 

Range 

3.09 

0.70 
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Originally  there  was  a  maximum  difference  of  5.09  percent  loetween 
the  shrinkages  reported  "by  the  various  laboratories,  whereas  after  adjust- 
ments to  the  same  base  for  residual  moisture  and  impurities  had  been  made, 
the  difference  was  reduced  to  0.70  percent.     It  has  been  concluded  as  a 
result  of  this  interlaboratory  test  that  if  proper  equipment  is  used  and 
the  testing  procedure  c mtrolled,  differences  in  shrinl^age  results  due  to 
laboratory  technique  will  "be  minimized,    Shi'inlcage  research  will  thus  he 
advanced  by  a  coordination  and  standardization  of  testing  methods  in  all 
laboratories  engaged  in  determining  shrinlcage, 

STAilDAHDS  POR  MOISTUEE  CONTBHT         IliPUFJTY  COlTTEiJT 

When  determining  the  shrinkage  of  samples,  control  must  be  exercised 
in  connection  with  several  factors.     In  order  that  all  tests  may  be  conducted 
on  the  same  bases,  the  wool  laboratory  of  the  Agricultural  Marketing  Service 
has  set  up  standards  for  its  ov/n  use  for  the  follov/ing  fa^ctors: 

1.  Moisture  content  of  grease  wool  saiiiples  where  it  appears 
proper  to  use  such  a  standard; 

2.  Moisture  content  of  scoured  v;ool  samples; 

3.  Residual  impurity  content  of  scoured,  viool  samioles. 

It  is  of  obvious  advantage  to  have  standards  for  the  ainounts  of 
moisture  and  impurities  that  are  allowed  in  scoured  v;ool.    For  grease  v;ool, 
hov/ever,  there  is  some  justification  for  using  the  moisture  content  of  the 
sample  v/hen  it  is  drav/n.     If  we  a.ssume  that  a  ^'aj:aple  can  be  dra.wn  from  a 
clip  and  actually  represent  that  clip,  it  is  evident  that  the  shrinkage  should 
be  based  upon  the  weight  of  the  sample  at  the  time  it  is  drawn,  since  this 
v/eight  reflects  the  moisture  content  of  the  sample  at  that  time,    A  clip 
of  v/ool  may  lose  or  gain  in  weight  thereafter,  and  for  that  reason  the 
shrinkage  may  vary  from  time  to  time.     The  original  sam-ole  slu'inl^age  will 
agree  v;ith  the  shrinkages  of  sajaples  dra.v/n  later  only  if  the  latter  sXe 
based  upon  the  same  moisture  content,    For  this  reason,  it  is  believed  ad- 
visable to  determine  the  moisture  content  of  grease  wool  samples  v/hen  they 
are  originally  dra.wn,  and  if  the  shrinkages  are  based  on  the  original  grease 
v/eight,  to  state  the  moisture  content  of  thvat  original  grease  weight.  All 
other  things  being  equal,  subsequent  samrole  shrinkages  based  upon  grease 
vfeights  calculated  according  to  the  original  moisture  content,  v/ill  be  in 
agreement  with  the  original  sample  shrinlcage. 

If  B,  sample  of  wool,  hov/ever,  is  brought  into  a  laboratory  without 
particular  weight  or  moisture  content  having  been  determined  at  the  time 
it  was  drawn,  it  would  seen  proper  to  base  the  shrinkage  of  such  saj'nple 
upon  grease  weight  calculated  at  a  standard  moisture  content. 

During  the  last  year,  tests  have  been  run  on  grease  samples  as 
they  were  received  in  the  v;ool  laboratory  of  the  Agricultural  .iarketing 
Service,     The  extreme  values  found  were  4,79  percent  and  14.74  percent, 
moisture  content.     The  importance  of  using  a  standard  moisture  content 
for  grea.se  wool  except  where  such  use  is  contra-indicated,  is  apparent. 


CHMGE  IN  LABOPuATORY  STANDARDS 


Attention  was  paid  during  the  last  year  to  the  amounts  of  residual 
impurities  found  in  scoured' vrool  from  different  sources.    As  a  result  of 
the  tests  that  were  made,  it  appeared  advisable  to  revise  the  standards 
that  had  been  used  in  1939,    These  revised  stajidaxds  contain  a  slight 
change  with  respect  to  allowable  petroleum  ether  extract.    The  previous 
requirements  for  alcohol  extract-,  ash,  and  moisture  in  scoured  wool  are 
retained.     Investigations  have  been  made  of  the  amounts  of  residual  im- 
purities in  scoured  wool  as  measured  by  the  loss  in  x^eight  experienced  in 
rescouring.    Such  tests  are  simpler  and  more  rapid  than  the- usual  chemical 
tests,  and  the  results  obtained  thereby  have  been  found  to  be  satisfactory. 
In  viev/  of  this,  a  limit  has  been  tentatively  set  for  the  loss  in  vreight 
through  rescouring  th^-^t  scoured  xirool  should  not  exceed.    The  revised  tenta- 
tive laboratory  standards  are  as  follows; 

1,  The  standard  moisture  content  for  grease  wool,  in  the  absence 
of  information  regarding  the  original  moisture  content  on  the 
weight  of  the  sample  when  drawn,  shall  be  12;  percent. 

2,  The  standard  moisture  content  for  scoured  wool  shall  be  12  ' 
percent. 

3,  The  scoured  wool  shall  not  contain  more  than  0.50  percent 
petroleum  ether  extract  or  grease, 

■4,  The  scoured  wool  shall  not  contain  more  than  1,0  percent 
a,lcohol  extract  after  the  grease  has  been  extracted  with 
petroleum  ether, 

5.  The  scoured  wool  shall  not  contain  more  than  1,0  percent  ash, 

6.  The  scoured  wool  shall  not  lose  more  than  0,60  percent  of  its 
bone-dry  weight  vrhen  subjected  to  rescouring. 

The  adoption  of  these  tentative  standards  for  use  in  the  wool  labor- 
atory of  the  Agricultural  Marketing  Service  insures  that  shrinkages  v/ill  be 
calculated  on  a  uniform  basis. 

TESTS  PSjRPORi^iED  TO  ASCERTAIIT  SiWLE-BULK  RELATIONSHIP  , 

The  accuracy  with  which  the  shrinkage  of  a  sample  will  reflect  the 
shrinkage  of  the  clip  or  lot  from  which  it  is  drawn  can  best  be  determined 
by  a  comparison  of  the  results  obtained  v/hen  the  sample  and  the  bulk  are 
scoured.    Unfortunately,  information  on  the  shrinkage  of  an  individual  clip 
or  lot  is  seldom  available,  since  the  manufacturer  will  customarily  blend 
several  clips  or  lots  in  preparation  for  processing,  and  thus  lose  the 
identity  of  the  individual  lot.    As  an  alternative  to  the  probably  more 
ideal  arrangement  of  obtaining  information  as  to  the  shrinkage  of  an  in- 
dividual clip,  tests  were  conducted  in  which  comparison  was  made  between 
a  limited  number  of  bags, , processed  separately,  and  of  samples  drawn  from 
those  bags.    For  the  most  part,  the  facilities  of  commercial  scouring  plant 


were  employed  for  deterinining  the  shrinkages  of  the  iDiilk  quantities,  v/hile 
the  shrinkages  of  the  samples  v;ere  ascertained  in  the  wool  la'borator^  of 
the  Agricultural  Marketing  Service  under  the  usual  testing  methods.  The 
coinpa^risons  are  given  in  table  3,,  pa^es  1-3-15,  inclusive. 

In  table  3,  104  compejrisons  of  individual  sarr^ole  siirinkP-ges  with 
"bulk  shrinkages  sxe  shovm.     The  extreme  differences  of  indivicaial  sairrole 
shrinkages  from  the  corresponding  hulk  shrink.-gges  axe  -3,2  percent  and 
+2,3  percent.    Of  the  104  compcTisons  made  hetv;een  individual  sajnple 
shrinkages  ajid  "bulk  shrinkages,  the  differences  in  only  9  cases  exceed 
2  percent.     This  shoiirs  that  an  individual  samrple  in  90  percent  of  the  tests 
will  indicate  v/ithin  2  percent  the  shrinliage  of  the  hulk. 

In  tahle  3,  all  hut  one  of  the  larger  quantities  of  vrool  were  sax>- 
pled  in  duplicate.     When  the  a.vera^e  shrinkage  of  the  duplicate  samples 
from  a.  given  hulk  is  com;oared  v/ith  the  shrinkage  of  the  hulk,  the  agreement 
is  better  thaji  v/hen  individual  sajirple  slirinlcages  bjcb  compajred  with  the 
shrinlcage  of  the  hulk,    Por  this  rea.son,  duplicate  samples  on  all  clips 
are  being  talren  and  their  average  shrinkage  used  for  purposes  of  comparison 
with  the  bulk  slirinlcage.     Also  in  table  3,  there  are  49  comparisons  shovm 
between  the  average  shrinkage  of  duplicate  sa^n-^les  dravm  from  single  bags 
and  the  bulk  slirinkage  of  those  bags.     In  these  49  compa,risons,  the  extreme 
variations  between  the  bulk  shrinkages  and  the  a,vera^'e  sam;ple  shrin]ca^es 
are  -2,4  percent  and  +1.6  percent,  with  an  average  variation  of  0,7  percent. 
The  greatest  differences  between  the  average  shrinkage  of  saioples  appli- 
cable to  2  or  more  bags  and  the  shrinkage  of  those  bags  are  -1,9  percent  and 
+1,2  percent,  with  an  average  variation  of  0,5  percent.     Quite  encouraging 
is  the  fact  that  95  percent  of  the  differences^  between  sample  ajid  bulk  shrinlc- 
ages  v/ere  onl7  1,7  percent  or  less.     That  the  average  shrinkage  of  all  samr- 
ples  is  59.1  percent,  differing  by  only  0,1  percent  from  the  average  shrinkage 
of  all'  entire  bags  of  59.2  percent,  is  another  indication  of  the  soundness 
of  the  sajn;olin'g  method  being  used, 

SOMS  PSRSOHAL  BIAS  APPARSilT  III  SAi'IPLIHG 

Random  sajirples  are  intended  to  be  entirely  impartial,  and  attempts 
are  made  to  keep  the  personal  element  out  of  the  sajiToling.     There  is  some 
question,  hov/ever,  as  to  whether  or  not  personal  bia.s  has  been  entirely 
eliminated.     In  one  Utah  clip,  for  instance,  one  set  of  samples  was  con- 
sistently higher  in  shrinkage  than  the  sajiiples  from  the  same  wool  drawn  by 
another  person.     The  same  thing  is  noticed  in  connection  with  VJyoming 
yearling  v.^ool,  where  one  set  of  samples  was  consistently  higher  in  shrink- 
age than  another.     The  only  erplanation  that  can  be  offered  is  that  some 
samplers  tend,  subconsciously,  to  ;oick  heavier  v;ool  than  others.     It  is 
recognized  that  if  sam;oling  is  to  he  confined  to  a  hand  method,  reliable 
results  v/ill  be  attained  only  vfhen  com^olcte  impartiality  on  the  part  of 
the  samipler  is  maintained. 

This  personal  element  is  one  which  may  be  difficult  to  overcome  com- 
pletely as  long  as  sampling  remains  an  operation  by  hand.    The  development 
of  a  mechanical  sampling  device  that  would  vrork  well  on  domestic  wool  re- 
gardless of  hov/  it  is  xDa.cked,  would  take  care  of  this  problem,  since  by 
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placing  the  sampling  upon  a  purely  mechojiical  basis,  all  bias  would  be 
avoided..    Although  the  hum.aii  element  has  been  demonstrated  to  be  a  disturb- 
ing factor,  it  yet  has  been  possible  95  percent  of  the  time  to  sample  by 
hand  limited  amounts  of  \-joq1  of  reasonably  uniform  grade  and  determine  its 
shrinkage  with  on  error  of  not  more  than  1«7  percent. 

BAGS  SAI^IPLED  AT  THE  OPENED  SEAiiS 

Previously  in  sampling  one  or  more  bags,  the  procedure  vras  to 
open  each  bag  and  remove  all  the  fleeces.     The  opening  of  the  ba^'^s  and 
the  haiidling  and  repacking  of  the  fleeces,  however,  involved  a  considerable 
expenditure  of  labor  and  time.     In  order  to  learn  v/hether  sampling  could  be 
simplified  and  speeded  iip,  it  vras  decided  to  open  merely  the^  seams  of  the  • 
bags  and  to  take  parts  from  those  fleeces  which  could  be  reached  through, 
the  opened  seams,    V/hen  we  consider  the  dispatch  v;ith  which  spjnpling  can 
be  done  in  this  manner,  it  appears  that  the  operation  is  quite  practical. 

Naturally,  the  value  of  seam  sampling  will  be  determined  by  the 
results  obtained  from  the  samples  so  selected,  and  studies  are  now  being 
conducted  viith  a  view  to  obtaining  detailed  information  in  this  respect. 
One  application  of  this  method  is  recorded  in  the  follov/ing  experiments 
where  a  comparison  is  made  of  seam  sa.mple  shrinka^*es  with  those  found  x-rhen 
all  fleeces  in  the  unit  had  been  sampled,  as  v/ell  as  with  the  entire  lot. 

Experiment; 

Through  the  cooperation  of  sin  eastern  manufacturer  the  opportunity 
was  afforded  for  conducting  shrinlcage  experiments  on  a  large  lot  of  Fine 
12-months  Texas  v/ool.    The  facilities  of  both  the  mill  laboratory  and  the 
Agricultural  Marketing  Service  wool  laboratory  i\^ere  employed  in  testing 
the  samples,  which  vere  drawn  according  to  several  methods.    The  desired 
check  on  the  results  of  the  tests  on  the  samples  was  obtained  through  the 
processing  of  the  lot  on  completion  of  the  sampling.    The  experiment  was 
outlined  as  follows: 

1.  Main  Lot 

1032  bags  Fine,  12-months  Texas  wool  of  a  total  weight  of 
202,710  pounds,  comprising  7  smaller  lots  that  varied  in 
size  from  60  to  200  bags, 

2.  Major  Processing  Unit 

90  percent  of  mail  lot,  consisting  of  929  bags,  to  be 
processed  v/ithout  prior  testing, 

3.  Major  Test  Unit 

10  percent  of  lot,  consisting  of  103  bags,,  selected 
systematically  by  number  amd  including  a  proportionate 
representation  from  each  of.  the  7  lots  composing  the  main 
lot  of  1032  bags. 
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4o     Sanrpling  Unit 

13  "bags,  from  a  major  test.  Uiiit  of  103  tiags,  comprising  a 
representation  of  each  of  the  7  original  lots.  These 
13  "bags  v;ere  selected  according  to  whether  their  v/eight 
was  near  the  average  v/eight,  as  shown  "by  invoice,  on  the  as- 
sumption that  baf'^s  of  average  weight  would  contain  vrool 
neither  disproportionally  heavy  nor  disproportionally 
light  in  shrinlcage. 

Two  methods  were  employed  in  sampling  the  13  "bags  constituting  the 
sampling  unit,    Pirst,  a  seain  of  each  of  these  13  hags  v;as  opened  and  the 
fleeces  along  the  sesm  line  were  sprn'-^led  according  to  the  previously  men- 
tioned seam-sa-'Toling  method.    Each  hag  of  the  13  xi,'as  so  sajnpled  hy  a  rep- 
resentative of  the  mi.ll  oxid.  si  representative  of  the  Agricultural  iiarketing 
Servi-ce,    No  attempt  iis-s  made  "by  the  operators  to  exercise  choice  in  the 
selection  of  wool  going  into  the  samples;  on  the  contrary,  personal  judg- 
ment v/as  eliminated  so  far  as  possible.     In  the  seam-sampling  of  the  13  ha^-s, 
only  those  fleeces  exoosed  along  the  seam  lines  contributed  to  the  com-:posite 
sample. 

At  the  conclusion  of  the  se??m- sampling,  and  in  order  that  all  the 
fleeces  in  each  bag  v/ould  be  represented,  the  bags  were  opened  and  every 
fleece  was  individually  sampled  by  the  "random  hand  samrole"  method.  Again 
samples  were  taken  by  representatives  of  both  the  mill  and  the  Agricultural 
Marketing  Service. 

At  the  conclusion  of  the  sampling  operations,  the  I?-,  bags,  less,  of 
course,  the  amount  of  wool  v/ithdra^^Ti  as  sam-plt' ,  v/ere  returned  to  the  major 
test  unit  lot  from  v/hich-they  had  been  ta3^en,     T..is  lot  of  103  bags  was  then 
processed  as  a  unit  by  the  mill.    The  mill's  figures  on  the  shrinkages  of 
this  lot  afforded  a  valuable  second  processing  check  on  the  results  obtained 
in  the- tests  of  the  soinoles  in  the  laboratories. 

The  samples  selected  by  the  manufacturer's  representative  vrere 
tested" in  the  mill  laboratory,  while  the  saxroles  of  the  Agricultural  Market- 
ing Service  v;ere  tested  in  its  laboratory.     In  order  that  results  might  be 
on  the  same  basis,  the  tentative  standards  in  connection  v;ith  moisture,  clean- 
ed vrool,  etc,  v/ere  a.dliered  to.     The  detailed  results  of  this  experiment  are 
given  in  table  4, 

Table  4  -  Bulk  and  sample  shrinkages 
on  1,032  bags  of  Fine  Texas  wool 


Portion  Tested 


Weight 


Shrinkage 


929  Isags 
103  bags 

Eandom  Sample,  Al-iS  (13  bags) 
Random  Sample,  Mill  Lab,  (13  bags) 
Seam  Sample,  Al-iS  (13  bags) 
Seam  Sample,  Hill  Lab,  (l3  ba^s) 


Pounds 
182,759,0 
20,413,0 
59.3 
57.6 
25,1 
25,5 


Percent 
61,09 
61.15 
61.50 
61.34 
60.00 
60,77 
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From  the  preceding  results  it  appears  that  the  103  "bags,  or  10 
percent,  accurately  represented  the  lot,  and  that  all  the  samples  drawn 
from  the  still  smaller  su^blot  of  13  bpgs  also  were  well  reioresentative 
of  the  entire  lot, 

PHELIMINAJiY  ESPORT  Oil  TEST  01  380  BAGS  OP 
OfilGIlIAL  WYOMIITG  V/OOL  IIT  COOPSRATIOIT  WITH  LiMTUPACTURER 

The  lot  under  test  was  a  single  clip  of  original  Wyoming  wool 
totaling  380  bags,    Becaiise  of  the  variability  of  the  v;ool  with  respect 
to  grade  and  shrinkage,  slightly  more  than  10  percent,  or  40  bags  (spaced 
uniformly  throughout  the  380  bags),  were  set  aside  as  a  test  unit.  These 
40  bags  were  divided  into  a  32-bag  sublet  and  an  8^bag  sublet,  Pollowing 
this,  the  sea,ms  of  the  8  bags  were  opened,  and  duplicate  samples  were 
selected.    One  set  of  the  sam^oles  wa.B  drawn  by  the  manufacturer's  rep- 
resentative and  the  other  by  the  representative  of  the  Agricultural  Har" 
keting  Service,    After  the  8  bags  had  been  sampled,  the  32  remaining  bags 
were  sampled  in  the  same  manner.    This  procedure  resulted  in  2  sets  of  sam- 
ples from  the  8-bag  unit  and  2  sets  from  the  32-bag  unit. 

The  shrinkage  of  the  manufacturer's  samples  was  determined  at  the 

mill,  whereas  the  other  saraoles  were  tested  in  the  Al-iS  wool  laboratory. 

The  agreement  between  the  shrinkage  of  all  sajnples  is  shown  by  the  follow- 
ing tabulation  of  results: 


Sainple 

W  eip'^cht 

Shrinkaffi 

Pounds 

Percent 

USDA  sample  from  8  bags 

22 

.  66,5 

USDA  sample  from  32  bags 

60 

67,0 

Mill  sample  from  8  bags 

25 

65,5 

Mill  sample  from  32  bags 

48 

.  ■  66.5 

The  shrinkages  given  above  a„re  not  only  in  good  agreement  .with 
each  other,  but  also  with  the  shrinkage  estimated  for  the  lot.  Comparison 
of  these  shrinkages  xifith  the  actual  shrinkag'e  of  the  bulk  will  be  possible 
on  comi)letion  of  the  processing  of  the  lot  at  the  mill. 

A  COMPARISON  OP  THE  SimixTKA.OE  OP  BODY  SORTS 
WITH  THAT  OP  THE  EiTTIRE  PLEECE 

In  cooperation  with'  the  Bureau  of  Animal  Industry,  the  Agricultural 
Marketing  Service .conducted  experiments  to  obtain  information  that  Would 
shox^  with  what  degree, of  accuracy  a  particular  part  of  a  fleece  indicates 
the  shrinlcage  of  the  entire  fleece.    This  project  has  been  carried  on  for 
three  seasons.    The  fleeces  used  in  the  ex^Deriments  were  taken  from  yearling 
ewes  and  from  the,  same  sheep  each  subsequent' year.    This  experiment  will  be 
continued  during  1941  and  at  a  later  date  a  report' of  the  findings  will  be 
released,  ,   


In  making  this  study,  the  shrinlcages  of  samples,  were  compared  with 
the  shrinlcages  of  the  wool  from  \diich  the  ssjnples  were  taken.    The  average 
shrinkage  of  two  samples  in  most  instances  pjid  three  samples  in  others 
selected  "by  the  random  method  in  49^^  tests  showed  an  extreme  variation 
from  the  shrinkage  of  the  entire  unit  under  test  of  -2»4  percent  and  +1,6 
percent.    In  95  percent  of  these  tests,  the  difference  v;as  1,7  percent,  or 
-less.    The  simple  avera^^e  of  all  the  samples  differed  by  only  -O.l  percent 
from  the  simple  average' shrinkages  of  all  the  lots  tested.    The  closeness 
of  this  agreement  indica.tes  that  random  hand  sampling,  although  still  in 
the  experimental  stage,  has  potential  commercial  value» 

A  limited  number  of  experiments,  in  which  samples  were  confined 
to  those  selected  at  the  opened  seajns  of  the  "bags,  produced  results  that 
indicate  that  this  procedure  may  "be  found  to  "be  practical. 

The  influence  on  shrinkage  caused  by  the  presence  of  tags  in  lots 
of  fine  and  half-blood  territory  wool  that  have  been  prepared  for  market^ 
in  a  manner  satisfactory  to  the  trade  will  not  result  in  serious  error 
provided  the  sampling  is  correctly  carried  out. 

It  has  been  sho\ra  that  uncontrolled  laboratory  procedure  will  re- 
sult in  shrinkages  of  questionable  accuracy,  and  that  standardization  in 
test  methods  must  proceed  hand  in  hand  v/ith  improvements  in  sampling 
technique. 
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REPORT  OF  PROGRESS  IN  WOOL  SHRINIiAGE  RESEARCH  DURING  1941 

By  Warner  M.  Buck,  Specialist  in  Marketing  Wool 
and  George  C«  LeCompte,  A.ssociate  Wool  Technologist 


INTRODUCTION 

At  the  insistent  demand  of  wool  producers,  development  of  a  quick  method 
of  sampling  grease  vrool  to  detei'inine  its  shrinkaga  was  undertaken  in  1937  by 
the  Department  of  Agriculture  through  its  wool  research  laboratory  in  the 
Agricultural  I'iarketing  Administration,    Work  has  been  carried  on  continuously 
sinco  that  time  in  cooperation  with  the  Bureau  of  Animal  Industry,  laboratorio 
of  colleges,  universities.  State  oxpGrimont  stations  of  Colorado,  Montana, 
NeTrJ"  Mexico,  Texas,  Utah,  and  Yfyoming,  and  various  vj-oolcn  mills,  ReT)orts 
have  been  issued  each  year  showing  the  progress  of  the  r©soarch,  1/ 

By  1940,  the  possibilities  of  developing  a  satisfactory  method  of  test 
became  apparent.     That  year  comparisons  v/ere  made  of  the  shrinkages  of  49 
separate  quantities  of  v/ool  and  the  average  shrinkage  of  t\To  samples  in  most 
instances  and  three  in  others  selected  by  the  random  method  shcf\'?ed  extreme 
differences  from  the  entire  unit  under  test  of  -2,4  percent  and  +1,6  percent. 
In  95  percent  of  these  tests  the  diffcronco    was  1,7  percent  or  less.  This 
research  has  taken  on  no'T  and  added  significance  during  the  past  year,  in 
viev;  of  the  icnportance  of  wool  as  a  constituent  of  the  clothing  of  our  armed 
forces. 


_      METHODS  OF  APPROACH 

As  in  previous  years,  the  principal  aim  during  1941  has  been  to  establish 
the  accuracy  of  the  sampling  methods  by  obtaining  as  many  com.parisons  as 
possible  betv;een  accurate  bulk  shrinlcagos  and  corresponding  scjnplo  shrinkages* 

During  the  past  year,  attention  has  been  paid  to  the  problem  of  hot^'- 
variable  vj"ere  the  domestic  y.j'ooIs  scjaplod,  and  hcr/r  closely  samples  drai-m  from 
Vfocls  of  such  demonstrated  variability  could  be  expected  to  represent  the  bulk. 
The  results  obtained  indicated  that  v:ith  evo:i  the  most  variable  Territory 
wools,  sampling  remained  a  practical  matter.     The  information  obtained  also 
indicated  clearly  the  minimum  oj;iount  of  sampling  necessary  to  represent 
Territory  wools  with  reasonable  accuracy/. 


l/  Copies  of  those  reports,   for  1938,  1939,  a>id  1940,  may  be  obtained  from 
The  Marketing  Reports  Division,  Agricultural  :.larketing  Administration, 
Washington,  D,  C, 


Many  efforts  have  been  made  to  devise  a  satisfactory  mechanical  sampling 
device  for  use  on  Territory  wools. 

Progress  has  been  made  in  adapting  the  laboratory  procedure  to  the  test- 
ing of  smaller  samples  than  heretofore^    Hal.f-pound  subsamplcs  dra-im  from 
thoroughly  blended  and  homogenized  wool  wore  scoured  in  small  tubs  with 
excellont  results.    Changes  in  apparatus  are  also  being  made  which  should 
result  in  further  progress  in  blending*. 


RANDai  liA-I^ro  SEA]-!  SAI'IPLUMG 

The  method  folloY;-od  in  selecting  samples  on  Y\rhich  reports  are  made 
herein  may  bo  designated  o-s  random  hand  seam  sampling.    This  method  of  samplir. 
calls  for  pulling  the  seams  of  the  bag  to  bo  sampled,  and  taking  a  number 
of  handlH^ls  of  wool,  weighing  possibly  l/20  of  a  pound  each,  -at  regular  in- 
tervals along  the  opened  seam.    Efforts  are  made  to  draw  handfuls  from  well 
under  the  stir  face  of  the  wool  as  well  as  from  the  iiiiraediate  surface. 

The  studies  of  the  variability  of  Territory  vfools  indicate  that  in  some 
cases  the  variability  may  c.ttain  a  value  as  high  as  7.2  percent  shrinkage, 
(This  figure  of  7.2  percent  shrinkage  represents  the  sto.ndard  deviation  with 
respect  to  single  handfuls  of _ the  most  variable  Territory  vrools. )     If  200 
handfuls  are'dravm,  it  is  evident  that  the  standard  error  of  the  average 
shrinkage  ef  that  number  of  handfuls  vn.ll  be  in  the  neighborhood  of  0,5  per- 
cent.   This  indicated  that  the  lim,its  of  uncertainty  for  such  samples  for  a 
probability  of  0.. 95  is  +1,0  percent.    The  unavoidable  errors  in  all  field 
and  laboratory  vfoighings  and  processes  operate  to  raise  those  expected  limits 
of  error  to  +1,5  percent  for  a  probability  of  0,95. 

The  fact  that  the  randoi.i  hand  seam  sampling  method  tends  to  restrict 
the  sa:-.ipler  to  definite  locations  in  the  bags  sampled  has  the  effect  of 
decreasing  the  personal  bias  exhibited  by  the  sampler.    Experiments  carried 
out  by  means  of  the  randan  hand  seam  sampling  method  seem  to  indicate  little 
personal  bias 5  com,plctely  inexperienced  sGi'iplers,  however,  will  tend  to 
draw  samples  that  are  Ic'i  in  shrinkage.     It  appears  advisable  therefore, 
that  samplers  should  obtain  sane  experience  in  the  method  before  putting  it 
into  practice, 

RESULTS 

During  the  past  year,   it  has  been  impossible  to  obtain  determinations 
of  slirinkagos  on  entire  clips  and  lots.     Bulk  shrinko.ges  have  been  obtained 
on  small  lots  varying  in  size  from  1  bag  up  to  5  bags.     In  arriving  at  a 
decision  as  to  how  accurate  sariplo  shrinka^ce,s  mieht  bo,  thev  have  been 
compared  with  the  bulk  sliri?.ikages  found  for  the  entire  bags  from  which 
the  samples' were  draivn.     It  is  desirable  to  stross  that  in  such  a  procedure, 
good  agreement  will  be  found  only  if  both  the  findings  for  sample  shriricages 
and  those  for  the  entire  bag  arc  accurate,  and  it  appears  quite  possible 
in  making  such  comparisons  tliat  the  determinations  for  the  ontire  bag 
shrinkages  were  in  error,  rather  than  those  for  the  sce-iples. 


In  the  program  of  the  Agricultural  Marketing  Administration,  it  has 
been  necessary  to  liave  entire  bags  scoured  by  coinniission  wool  scourers  or  to 
cooperate  in  experiments  involving  such  work.    During  1941,  cominission 
sc9urers  processed. some  40,000  pounds  of  wool  v/hich  had  been  sampled  by  the 
Agricultural  Marketing  Administration,    The  year's  work  necessitated  more 
than  900  individual  shrirJ-:age  determinations  requiring  the  scouring  of  same 
5,900  pounds  of  wool  in  the  M^k  laboratory* 

The  experiments  carried  on  during  the  past  year  are  classified  into 
seven  groups: 

■•  •■  1.  ■ -ExpGriments  .in,  which  sainple  shrinkage  findings  were  compared  with 
those  for  the.  entire  bag  as  made  in  the'  laboratory  of  the  Agricultural 
Market-ing  Adrainistj:*ation,    These  entire-bag  shrinkage  dote rr.iinat ions  had  a 
definite  and  ascertainable  degree  of  accuracy, 

 /Z»  ■  Experiments  in  which  the  entire-bag  slirinkages  were  determined  by 

a  commercial  scourer.    Here,  there  was  no  way  of  ascertaining  the  accuracy 
of  the  results  as  obtained  by  the  commercial  scourer,  except  by  cov.'paring 
them,  with  the  A^-ii  sample  shrinkage  findings. 

3-.     In  a  large  number  of  experiments  in  which  the  i\IIA  laboratory 
cooperated  with'  the  wool  scouring  plant  of  the  Texas  Agricultural  and  Mechan' 
ical  College,  no  check  as  to  the  accuracy  of  the  sar.ipling  ivas  possible  ex- 
cept'  by  comparing,  one  saiuplo  shrinkage  as  detormmned  by  Al.!/i  with  another 
sample  shrinkage  as  deter::iined  by  the  Texas  laboratory. 

4.  Tests  on  farm,  flock  wools  in  vrhich  comznercially  determined  sb-rink- 
ages,  whose  accuracy  could  not  be  ascertained,  v/ere  used  for  comparison 
with  Ali.\  sa-.iple  findings. 

5.  ExDorimionts  with  mechanical  scumiDlinc:. 
.6.    Experiments  in  blending  wool  sa'iplcs. 

7.    Experiments  to  establish  correct  scouring  temperatures. 

Results  obtained  during  1941  are  discussed  below  under  the  respective 
headings. 

.  1.     Comparisons  between  sai'.iple  shrinlcage  determinations  for  samples 
and  for  the  entire  bag,   in  which  th™'Taoter~were  m.ade  in  the  ^\1.1A  laboratory 
and  had  a  definite  and  ascertainable  accuracy.    A  total  of  seven  tests 
was  run  invo.lvilig  37  individual  sa::iple  slirinkages.     The  extrom.o  differences 
found  for  the  sam.plcs  from  the  entire  bag  shrirJcagos  were  +1,2  percent  and 
-1,3  percent.     In  these  37  oa.iparisons,  31  sa^-iple  shrinj^agos  differed  by 
less  than  1  percent  frer.:i  the  shriiikago  of  the  corresponding  entire  bag. 
The  sij.iplo.  average  of  all  sc>mple  shrinlcages  was  56 » 2  percent,  and  the  sii'iple 
average,  of  all  entire  bag  shri:nkages " was  56,0  percent^  the  difference  be- 
.tiTGon  the  two  being  only  0,2  percent. 
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Zi  Comparisons  betvj-een  sample  shrinkagos  and  ontiro  bag  shrinkages  in 
■vihich  the  lu  t  tor  "v^rer  e  det  orain  ed  by~"cw'Hor  c  ia  1    c  our  or  »     In  thoso  tests       '  ^ 
tlie" accuFa'cy ~6T~  tlic  ^tiro  bag  shrinlcagos  could  not  bo  dononstratod,    T ho 
res^flts  under  this  classification  were  all  olotainod  in'  ono  largo  expo r ir.ie nt 
involving  coiiiVGrcial  tests  on  four  5-bag  lots  and  tvjo  1-bag  lots  of  Territory 
wool.    On  the  5-bag  lots,  saiTiplos  wore  draivn  not  only  by  the  randon  hand 
soan  scaipling  nothod  but  also  by  the  Treasury  Dopartnent's  coring  device'. 
The  results  are  shci'm  in  Table  1. 


Table  i  r  Sanpio  and  entire  bag 
shrirxkagcs  as  found  for  5-bag  lots  of  da.iestic  wools 


:              S  H  R  I 

N  E  A  G  S  S 

Dif.  fron 

entire  lot 

Kind  of  wool 

;     A.II.A.  ' 

:     Treasury  : 

Cori'.'icrciall-'- 

r;  A.iy.A.  : 

Treasury 

.  Scjnplo 

;  Department  : 

deteminod 

:  Sajnplo  : 

Dopartraent 

t       sample  : 

ontiro  lot 

•  « 

sa.iplo 

percent 

Percent 

Percent 

Percent 

Percent 

Rarabouillet 

58.1 

57.5 

57.7 

+0.4 

-0.2 

Tar ghee 

53.0 

53.7 

52  .  9 

.  +0.1 

+0.8 

Corriedale 

49.3 

50.2 

48.7 

+0.6 

+  1.5 

Columbia 

47,0 

47.6 

4S.8 

+  0.2 

+0.S 

Average 

51,9 

52.3 

51 .  5 

+0.5 

+0.7 

In  the  preceding- table,  the  shrin_kagcs  as  found  by  AlIA  are  quite 
close  to  those  found  by  the  nill  for  the  entire  bag.    Each  AIIA  shrinkage 
Cvbovo  represents  the  average  of  10  individual  sajnplo  shrinkages.    It  was 
also  found  in  ca.iparing  the  40  individual  ALA.  saiAplo  shrirJ^ages  with  the. 
entire  bag  shrinkages  as  detcrnined  by  the  nill,  theextrcno  differences  arc 
+  1.5  percent  and  -0»7  percent.    Only  four  of  the  40  shrinkage  deten.iinations 
differed  as  nuch  as  1  percent,  or  norc,  and  none  oxceodod  1.5  percent*  The 
above  results  indicate  vorj  strongly  that  the  randon  hand  scan  sampling 
method  is  quite  reliable  within  the  Imits  of  uncertainty  of  +1.5  percent. 

In  addition  to  the  above  tests  on  5-bag  lots,  there  wore  experiments 
on  tiTO  1-bag  lots.  Here,  on  one  bag  of  long  staple  Ro2~ibouillot  wool,  the 
coLi-iorcially  detorraincd  entire  bag  shrinkage  was  56.7  percent,  while  the 
corresponding  AI-IA  sample  shj'inlcagoa  wore  55.2  percent,  55,4  percent, -and 
55.4  percent.    That:  all  throe  of  the  saxaple  slirinkagos  should  bo  lower  by 
the  amounts  indicated  than  the  sh-ririkago  dotemined  by  the  mill  appeared 
very  unusual,  since  the  results  on  the  40  samples  in  tho  procoding  5-bag 
tests  had  indico.ted  tho  meiximun-  error  of  the  sajupling  method  to  bo  1.5 
percent,  with  sample  shrinkagos  tending  to  be  higher  by  approxiriately  0.3  per 
cent  rather  than  to  be  laver  tlian  those  determined  by  tho  mill. 

• 

On  a  single  bag  of  short  staple  Rambouillot  vfool,  the  commercially 
doterr.iined  entire-bag  shrinlcagc  was  60.7  percent,  v^ith  corresponding  AIIA 
sariple  shrinkages  of  58,3  percent,  57.5  percent,  and  57.9  percent.  The 
indicated  differences  were  -2.4  percent,  -3.2  percent,  and  -2.8  percent. 
These  differences  exceeded  all  expected  limits. 
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Tho  results  on  these  two  1-bag  tests  indicated  that  either  the  two 
coi^ercially  determined  entire-bag  shrinkages  or  the  six  sample  shrinkages 
w6rG  in  error.     In  vicvf  of  the  fact  that  previous  results  had  demonstrated 
the  M'lA.  sampling  method  to  bo  reliable  and  that  a  sample  dravm  fran  one  bag 
should  be  much  more  roprescntatiTO  than  the  same  size  sample  draiTQ  from 
five  bags,  while  comincrcial  determinations  on  single  bags  might  bo  unreliable, 
it  was  concluded  that  tho  ccaiimercial  slirinl^ge  dctenninations  on  tho  tvio 
single  bag  tests  had  been  in  error.    Although  it  is  evident  that  the  quant itio:. 
of  wool  involved  may  be  too  small  to  permit  of  accurate  oommercial  shriiilcago 
dctenninations-  in  these  two  tests  a.t  least  the  evidence  is  that  the  sample 
slirinkago  determinations  are  more  reliable  than  the  commercially  detorminod 
shrinkages  on  the  "entire  lots  in  quest ion| 

3.  Results  in  which  no  ontire-bag  shrinkc.ges  were  obtained  but 
duplicc.te  sar.iple  shrinkages  were  obtaTned  Tn" cVopcVating  laboratories.  In 
thos6~^pefimcnts  it  T/as  p^Tsible' to  "obtain"  some  70  comparisons  on  samples 
drai^xi  from.  Texas  clips.     One  of  a  pair  of  duplicate  samples  v/as  scoured  at 
the  VTool  scouring  plant  of  the  Texas  Agricultural  and  Hochanical  College, 
while  the  other  was  scoured  in  tho  AilA  vrool  scouring  laboratory.     In  those 
tests,  it  was  found  that  tho  only  possible  indication  of  accuracy  of  the 
samples  lies  in  an  inspection  of  the  differences  botiTOon  the  paired  sample 
slirinkagos.     It  is  evident  tliat  if  samples  nay  bo  in  error  at  tines  by  as 
much  as  1.5  percent,  occasional  duplicate  samples  must  exhibit  differences 

of  as  much  as  3.0  percent,  since  ono  sample  night  be  in  error  by  +1.5  percent, 
while  tho  other  might  be  in  error  by  -1.5  percent.    On  the  70  comparisons  in 
those  tests,  wo  found  tho  extreme  difference  to  be  3.1  percent.     In  all 
other  comparisons,  the  difforoncos  wore  2,9  percent,  or  loss;  41  of  the 
differences  ivcrc  l.jss  than  1,0  percent;  21  ytoto  less  than  2.0  percent;  8 
ranged  frai  2ol  to  2.9  percent,  and  as  stated  before,  the  extreme  deviation 
was  3.1  percent.    More,  we  find  no  evidence  to  indicate  do finitely  tliat  tho 
random  hand  scam  saiupling  method  will  give  rise  to  errors  exceeding  1.6  percent. 

4.  Tests  on  fam  flock  -tocIs.     It  v/as  possible  for  the  AIIA  to  co- 
operate in  those  oxperim.cnts  due  to  the  kindness  of  a  cooperativo  wool  m.arket- 
ing  association.    The  lots  involved  were  Minnesota  wools,  extremely  taggy 

and  non-unif err.:  in  typo.    The  wools  saraplcd  consisted  of  5-bag  lots.  In 
addition  to  being  non-uniform,  tho  wool  in  miost  of  the  lots  'ms  quite 
damp  near  the  interior  of  the  bags,  vmilo  it  was  m.oro  or  less  dry  near  the 
.exterior.     In  some  cases,  this  dompncss  had  been  sufficient  to  create  a. 
noticeable  odor  of  miidoY/.     Owing  to  the  non-uniformity  of  these  Minnesota 
wools,  the  results  vrore  not  as  satisfactory  as  those  previously  described 
for  the  better  prepared  Territory  wools.     Considering,  however,  the  uneven 
nature  of  the  farm  flock  wools  sampled  and  the  fact  that  these  were  the 
first  experiments  with  this  type  of  wool,  tho  results  obtained  are  promising. 
In  tho  9  tests  run  on  this  typo  of  wool,  differonces  of  tho  samples  from, 
tho  cor.morcially  O.etonuined  entire  bag  shrinkages  were  found  to  bo  as  follows: 
-1.2  percent,  -2,5  percent,  -0,6  percent,  -1.0  percent,  +1,2  percent, 
+1,1  percent,  +1.7  percent,  +0.5  percent  and  +2.0  porcenti. 

5.  Experiments  dealing  with  mechanical  sampling.    TUfforts  have  been 
miado  to  get  av/ay  from  the  personal  elom'ent  involved  in  hand  saiipling  bo- 
using m.ocha?iicul  sampling  devices.    Ilany  of  these  have  been  cons.trijicted,  ' 
trie'd  out,  and  rojc;cted.    Som.o  v/ere  rejected  because  of  the  difficulty  or 
even  ii.-possibility  of  drowing  sa;riples  with  then. 


Others  dro\r  sanjplos  easily  but  gave  inaccurdto  results.     It  is  notovrorthy 
that  those  cxpor'lr.icnts  denotvod  that  a  riechanical  sar.ipling  tool  nay  have  a  .  , 
high  degree  of  iiochanical  bias.    Depending  upon  the  design  of  the  tool, 
sanples  draira  nay  have  a  bias  towards  high  shrinkages  or  toivards  Iotj-  shrink- 
ages.   Tools  constructod  in  the  fom  of  harpoons  a.pparcntly  tend  to  draw 
fron  the  bags  the-  longer  staples  having  loiter  shrinkage's,  and  in  drav/ing 
the  scmples  fron  the  bags  by  this  neans,  there  is  a  tendency  for  the  loose 
dirt  to  bo  stripped  fron  the  wool.    The  net  result  is  a  biag  towards  1o\'j- 
shrinlcagos  which  nay  anount  to  as  nuch  as  fron  3  to  4  ps^'^pi^'fed 

Boring  devices,  when  used  on  loosely  packed  wools,  have  a;  bias  towards 
high  shrinkages,  ivhich  nay  anount  to  as  nuch  as  E  porceht.     It  is  felt, 
however,  that  with  suitably  conprosscd  v/ocls,  the  bias  of  boring  devices 
can  be  entirely  olininated, 

Sone  sinplc  devices  for  sanpling  which  o^re  pushed  directly  into  the 
bag  havc^boon  shoi?/n  to  be  free  fron  bias,  although  the  drawing  of  a  sai-iple 
with  then  is  nore  or  less  arduous. 

The  experinonts  have  shovm  that  saiAples  with  no  bias  can  be  drami 
by  nechanical  rreans  and  that  the  variability  of  such  sanples  in  sone  cases 
is  less  than  one-half  that  of  hand-draim  sariplos  fran  the  sane  v'ool.  It 
appears  that  very  shortly  it  will  bo  possible  to  show  that  nechanical 
sa^^pling  of  Terriotry  wools  is  practicable  and  statistically  sound, 

6,  Exporrbuents  in  blending  wool  sai-.iplcs.    There  are  nany  advantages 
inherent  in  obtair'ing  shrinkage  results  fron  snail  subga^^iples  rather  than 
fron  the  larger  san.plos  of  20  or  30  pounds.    The  process  is  quicker, 
cheaper,  affords  the  opportunity  for  better  control,  and  it  is  always  possible 
to  go  back  and  check  results.     On  the  other  hand,  a  loss  of  precision  is 
entailed  with  the  subsai-.iple  unless  the  lo.rger  sanple  fror.i'  which  it  was 

dravm  has  been  properly  blended  and  horAOgenizcd,    Experinonts  are  under  way 
to  inprove  upon  the  results  obtained  v/ith  the  regular  Viilson-t;7pe  duster  in 
blending  and  hanogenizing  large  ViTooI  samples.     Introduction  of  an  extra 
series  of  fixed  teeth  into  the  Yfilson  duster  helps  considerably  in  obtaining 
better  blending,    Ti-TO  other  devices  arc  being  exporirnentod  with,  however,  v^^hich 
appear  to  produce  far  better  blending  action  than  any  sinple  nodifioation 
of  the  lYilson  duster,     Inconplotc  results  obtained  frai  those  devices  so 
far,  indicate  tliat  the  variability  of  blended  saiiTDles  is  less  than  one-half 
that  of  sai'iplos  processed  in  the  Wilson  duster.    As  stated  before,  this  ' 
work  is  still  in  the  exporincntal  stage,  and  will  later  be  reported  upon 
nore  fully, 

7,  Experinonts  to  establish  correct  scouring  tenporaturos •  Although 
in  the  past  it  has  been  generally  believed  that  scouring  tenpera.tures  of 
fran  120  to  125  degrees  F.  v/erc  the  best  to  use,  it  v;a.s  felt  advisable  to 
deten.iine  this  nore  definitely.     Scouring  Gxporinents,  run  at  tenporaturos 
of  fra:  80  degrees  F,  to  180  degrees  F,  indicated  that  there  v>ras  a  pro- 
gressive increase  in  the  daiaage  incurred  by  sai.iplos  and  a  progressive 
decrease  in  yield  fron  3a::iples  as  the  scouring  tonperatures,  increased, 
Sai'iplos  scoured  at  125  degrees  F.  exhibited  nininun  contents  of  residual 
impurities,    Tenporaturos  in  excess  of  125  degrees  F.  had  relatively 
slight  effect  in  decreasing  the  yield  of  pure  wo.ol.     On  the  other  hand,  when 
tenporaturos  below  120  degrees  F,  wore  applied,  the  sanples  exhibited 
excessively  high  residual  inpurities. 


Tho^tests  shoT.'-Gd  that  sciinplos  scoured  cit  125'  degrees  Ft  would  yield  only 
§,ife^t  0.20  percent  less  clean  vfool  than  if  scoured  at  the  impracticably  lew 
temperature  of  80  degrees  F«    This  lov/ering  of  yield  of  only  0.20  percent 
was  considered  negligible.    The  conclusion  v/as  reached  that  125  degrees  F. 
was  the  best  toraporature  to  use  in  scouring  t^tooI,  for  purposes  of  labora- 
tory shrinkage  determination. 

1.  In  37  comparisons  with  bulk  shrinkages  of  definite  and  ascertain- 
able accuracy,  random  hand  seam  samples  shovrod  extreme  differences  of  +'1,2 
percent  and  -1,3  percent.     In  31  of  these  tests,  the  differences  vrorc  loss 
than  1,0  percent.    The  average  saiaplo  slirinkage  v/as  higher  than  the  average 
for  the  entire  bag  by  only  0,2  percent. 

2,  In  40  comparisons  with  commercially  determined  shrinkages  on  5-bag 
lots  of  Territory  wool,  the  oxtreriio  differences  found  were  +1,5  percent 
and"-0.7  percent.    Thirty-six  of  these  40  differences  v/ere  less  than  1,0 
percent.    The  average  sample  shrinkage  was  higher  than  the  average  entire 
lot  shi-inkage  by  only  0,3  percent, 

5.     In  comparing  commercially  determined  shrinlrages  for  single  bags, 
the  differences  amounted  to  as  much  as  3.2  percent.    After  considering  all 
points  that  appear  to  be  pertinent  to  these  tests,  it  was  necessary  to  con- 
clude that  the  comiaorcially  dotGrrained  shrinkages  on  the-so  single  bag  lots 
were  in  error, 

4.  In  an  interlaboratory  test  conducted  by  the  Texas  Agricultural 
and  Mechanical  Experiment  Station,  comparisons  bct^.veen  the  shrinkages  of  70 
duplicate  sar^plos  shewed  the  extrci-ie  differences  betiTOen  the  paired  samples 
to  be  3.1  percent.     In  41  of  these  70  comparisons,  the  differences  were  less 
than  1.0  percent.     In  these  OXporteents  there  was  no  evidence  to  indicate 
definitely  that  any  random  hand  seam  sample  was  in  error  by  m.ore  than  1,6 
percent, 

5.  In  nine  canparisons  with  co2~imercially  detorr.iinod  shrinkages  on 
5-bag  lots  of  farm,  flock  wools,  the  extreme  differences  were  -2.5  percent 
and  +2.0  percent.    Those  differences  are  perhaps  too  large,  but  in  view 
of  the  extreme  variability  of  the  v/ools  tested  and  the  fact  that  these 
are  the  first  experii-f^ents  run  on  such  vrools,  the  results  are  considered  to 
be  prom.ising. 

6.  Statistical  investigations  have  indicated  that  even  the  m.ost 
variable  Territory;-  wools  can  bo  sampled  with  a  sampling  error  of  1.0  percent 
and  a  probability  of  0.95, 

7.  Results  during  the  past  year  i-:idicate  that  it  is  possible  to 
saL:iplo  Territory  wools  by  the  random  hand  seam  scaapling  method  and  arrive 
at  a  slirirJcage  accurate  within  +1.5  percent  and  a  probability  of  0,95. 

8.  Mechanical  sa^.ipling  devices  have  been  developed  and  experin.ents 
r.ado  with  theia.     Indications  are  that  mechanical  sampling  of  Territory  wool 
is  practicable  and  statistically  sound. 


9,     liuprcvod  blending  dcDviccs  havo  boon  dovolopod  for  usg  in  the  sub'-* 
sampling  of  .sa^aplos  of  i,vool#    Tho  variability  of  saraplcs  blondod  by  noans 
of  thesG  ncT/  dovio^^s  is  loss  than  l/2  that  of  sainrplos  blended  by  moans  of 
a  Vfilson  typo  duster. 

10.    Experiments  have  borne  out  and  more  clearly  den onst rated  previous 
findings  that  125  degrees  F.  is  the  nost  suitable  tonperaturc  at  which  to 
scour  vTool* 

11*     In  the  light  of  inforr.iati on  gained  fron  numerous  experiments  it 
seems  at  the  present  time  highly  likely  that  a  method  of  test  having 
the  possibilities  of  great  value  to  Y\rool  grovj-ors  will  eventually  be  developo 
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...Methods  of  determining  wool  shrinkage  have  "been  the  su'bject  of 
research  "by  the  U«  S,  Department  of  Agriculture  for  several  years.  This 
is  a  report  on  the  work  done  in  1942.-    The  purpose  of  the  entire,  investi- 
gation has  been  to  find  a  relia"ble,  o'bjective  way  of  determining  the 
shrinkage  of  a  vrool  clip  from  a  representative  sample.  Cooperating 
agencies,  in  addition  to  the  U,  S,  Department  of  Agriculture,  have  "been 
laboratories  of.  colleges,  universities.  State  experiment  stations  of 
Colorado,  Montana,  Hev/  Mexico,  Texas,  Utah,  and  Wyoming,  and  various  woolen 
mills. 

In  1941  Wollner  and  Tanner  ^reported  upon  a  m.ethod  for  determining  the 
cleran  wool  content  of  imported  V'ools,     In  their  method,  baled  foreign  vrools 
were  sampled  by  means  of  a  coring  device.     These  baled  wools  were  found  to 
have  a  standard  deviation  x^^ith  respect  to  the  shrinlcage  of  individual  cores 
,of  as  much  as  2,5  percent.     The  expected  limits  of  error  for  samples  com-- 
pos.cd  of  100  cores  drawn  from  such  vrools  were  approximately  +0,5  percent  for 
a  ;probability  of  0,95, 

In  the  report  for  1941  covyring  progress  in  the  research  here  under 
discussion.  Suck  and  LeOonpte  —'describe  the  seam  sampling  method  as  applied 
to  domestic  \rool  in  the  vrool  laboratory  of  the  Eood  Distri"bution  Administration. 
The.  seams  of  bags  i'ere  opened  and  handfuls  dravrn  at  random  ;from  the  v/ool 
exposed  under  the  open  seams.     Results  indicated  that  Sv^jinles  composed  of 
200  hmidi'uls  should  render  •  results  accurate  to  +1,5  percent  for  a  probability 
of  0,95,     In  order  to  reduce  personal,  bias,  however,  training  in  the  hand 
sampling  m.ethod  appears  to  be  necessary,     For  this  reason  it  was  thought 
advisable  to  experiment  with  the  core  sampling  of  domestic  wool, 

l/Wollner,  H.  J.,  and  Tanner,  L, ,  Ind.  and  Eng.  Chem,  13,     883,  (l94l) 

2/Buck  and  LeConlpte,  Report  of  Progress  in  Wool  Shrinkage  Research  during 
1941,  U,  S.  Department  of  Agriculture,  1942, 
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EXPERIMENTS  WITH  COEE  SAiyiPLINO 


The  v^ool  e3q)erimented  with  consisted  of  "bagged  and  "baled  domestic 
wool.    Domestic  wool  in  the  form  of  fleeces  (generally  weighing  from  6  to 
10  poiinds)  are  packed  in  "bags  6  to  7j'  feet  in  length.     The  fleeces  are 
highly  variaDle  within  themselves  with  respect  to  shrinkage  and  also 
exhibit  great  variation  from  one  another.     The  baled  wools  used  in  this 
experiment,  likewise,  consisted  of  fleeces  and  these  were  compressed  to  a 
density  of  from  16  to  24  pounds  per  cubic  foot. 

Preliminary  experiments  had  been  conducted  upoi  bagged  domestic  wool 
Mith  mechanical  sampling  devices,  including  a  li  inch  diameter  coring  tube, 
various  instruments  similar  to  harpoons,  and  a  projection  core  cutting 
device.     It  was  found  that  the  projection  core  cutting  device  required  too 
much  physical  exertion  in  sampling,  that  the  harpoons  had  a  bias  toward 
low  shrinkages,  and  that  the  narrow  coring  tube  had  a  bias  toward  high 
shrinkages.    Work  was  continued  with  the  coring  tube  until  eventually  it  was 
found  that  mechanical  bias  could  be  eliminated  by. compressing  the  wool  before 
it  was  cored  and  by  using  a  coring  tube  2  inches  in  diameter. 

The  bags  were  first  placed  in  a  press  consisting  of  a  wooden  base  and 
levers.    Pressure  was  exerted  upon  them  until  it  v/as  estimated  they  had  a 
density  of  some  16  pounds  per  cubic  foot.     Each  bag  was  sampled  in  the  com- 
pressed region.     Several  investigations  were  made  upon  the  variability  of 
domestic  wool  including  wools  from  Utah,  Wyoming,  Idaho,  aiid  Montana,  In 
these  investigations  a  scries  of  individual  cores  were  drawn,  packed 
separately,  and  individual  determinations  of  shrinkage  run  for  them. 

In  order  to  establish  definitely  by  actual  experiment  what  accuracy 
could  be  expected  from  the  core  sampling  method  on  domestic  wools,  three 
extensive  experiments  were  conducted.     In  the  most  precise  and  decisive  of 
those  experiments  a  total  of  16  bags  of  domestic  wool  were  core  sampled 
under  pressure  in  the  wool  research  laboratories  of  the  Pood  Distributicn 
Administration*     The  shrinkage  of  the  remainder  of  the  entire  bags  v/as 
determined  in  the  laborvatories  by  a  carefully  controlled  dusting,  blending, 
and  subsampling  procedure,  so  that  it  is  possible  to  clvaim  nji  accuracy  for 
these  entire  bag  shrinkages  of  +0,4  percent.     In  another  ezpcriment  145  bags 
of  Idaho  vrool  were  core  sampled  in  the  plant  of  va  commission  wool  scouring 
concern.    Unfortunately,  it  vras  impossible  to  use  a  press  in  the  sampling 
of  these  b.-^gs.     The  remainder  of  the  bags  v/ere  scoured  rxid.  the  shrinkage 
determined  at  the  commission  wool  scouring  concern.    In  the  third  experiment, 
61  bales  of  Montana  wool  were  sampled  with  the  coring  device,  the  remaining 
portions  of  the  bales  being  scoured  and  the  shrinkage  determined  at  a  com- 
mission wool  scouring  concern.     In  all  cases  the  entire  ba.g  shrinkages 
reported  include  everything  contained  within  the  original  wool  b.*^^  or  bale. 
Thus  these  shrinkages  include  not  only  the  bulk  sorts  but  also  the  offsorts 


such  as  tngs,  stained,  lov/  and  pr'int.    The  scoured  v/cights  upon  which  the 
shrinkages  were  calculated  were  "based  on  12  percent  noisture  and  a  0,0 
percent  to  0,5  percent  content  of  impurities  removable  "by  rescotiring. 

RESULTS 


Table  1  records  the  findings  upon  the  variability  vrith  respect  to 
the  shrinkage  of  individual  cores  of  vrTious  domestic  wools.     It  v/ill  be 
noted  that  the  highest  variability  found  was  4,03  percent  on  wool  from  a 
Wyoming  clip.     Since  it  is  quite  possible  that  any  domestic  clip  sampled 
will  have  a  v.ar lability  this  high,  it  seems  desirable  to  use  this  standard 
deviation  of  4,03  percent  as  a  basis  in  estimating  the  accuracy  that  could 
be  expected  from  the  core  sampling  method  on  domestic  wools. 

Table  1  also  records  the  expected  limits  of  error  for  a  probability 
of  0,95  for  samples  composed  of  the  indicated  number  of  cores.     It  will  bo 
noted  that  saiiples .  composed  of  100  cores  have  maximum  estimated  limits  of 
error  of  only  +0,8  percent.     This  is  accurate  enough  to  be  of  real  value 
to  the  wool  industry  and  yet  sarples  composed  of  100  cores  do  not  require 
impractical  Gjnount  of  labor  in  the  actual  sar.ipling. 

In  table  2  compoTisons  are  given  between  core  samj^lc  shrinkages  and 
the  shrinkages  of  the  entire  bags  from  which  these  samples  had  been  drawn. 
This  table  also  shov/s  the  number  of  cores  of  v/hich  the  samples  were  composed 
and  the  expected  limits  of  error.    It  will  be  noticed  tho.t  there  are  a  total 
of  15  compprisons  possible.     The  extreme  errors  shown  are  +1,0  percent  and 
-1,1  percent.    All  these  differences  are  within  the  expected  limits  of  error. 
These  experiments  were  the  most  decisive  pjid  conclusive  of  those  run,  in  that 
the  entire  bag  shrinlcages  had  a  high  -degree  of  reliability.     The  good  agree- 
ment betvreen  sample  nnd  entire  bag  shrinkages  attests  to  the  essential 
soundness  of  the  core  sampling  method. 

In  scouring  the  core  snjnples  from  the  9  bags  of  Idaiio  wool  noted  in 
table  2,  the  ezcporiments  I'jor  q  conducted  in  such  a  manner  that  it  was  possible 
to  obtain  p.  series  of  average  core  s,?:rrple  shrinkages  that  could  be  compared 
directly  to  the  average  shrinkage  of  the  9  b.ags.     In  table  3,  10  such  cor^ 
parisons  are  made  in  v/hich  the  core  snriple  shrinkages  represent  the  average 
shrinkage  of  45  cores.     In  addition  there  are  10  comparisons  in  which  core 
samiple  shrinkages  represent  the  average  of  90  cores.     On  the  samples  comxposed 
of  45  cores,  thc_  extreme  differences  shown  arc  +1,1  percent  and  -1.8  percent, 
aaid  on  the  samples  composed  of  90  cores,  the  extreme  differences  are  +0,8 
percent  and  -1,0  percent.     Of  the  20  comparisons  made  in  only  two  instances 
does  the  demonstrated  difference  exceed  the  expected  limits  of  error.  These 
20  comparisons  give  further  evidence  of' the  accuracy  of  the  core  sampling 
method. 


Ta"blc  4  shows  the  rcsixLts  iDctwecn  core  sample  shrinkages  drawn  from 
various  lots  of  "bn^ged  Id>'\l.io  wools  nnd  the '  corresponding  entire  "b.ag 
shrinkages  as  detcrnincd  in  the  plnnt  of  a  commission  wool  scouring  concern. 
It  will  he  noticed  that  the  cxtrenc  differences  between  the  core  sample 
shrinkages  and  the  entire  hag  lot  shriiikages  are  +2,4  percent  and  ~1,5 
percent.    These  differences  in  several  cases  exceed  the  expected  limits  of 
error.    The  reasons  for  these  large  differences  can  be  attributed  to  several 
factors.    Most  of  the  lots  sampled  were  quite  small  and  consequently  the 
commercially  determined  shriiikages  \irere  e:q)ected  to  be  more  or  less  in- 
accurate.   Due  to  the  small  size  of  the  lots  the  number  of  cores  per  samjple 
were  restricted.    The  final  and  most  serious  factor,  the  lack  of  a  press, 
contributed  to  inaccuracy  in  sarajpling.    On  the  other  hand,  the  close  agree- 
ment between  the  average  sample  slirinkage  and  the  average  bag  shrinkage -on 
these  tests  shows  that  accurate  results  are  possible  if  the  lots  tested  are 
reasonably  large  and  if  sufficient  cores  are  drawn. 

In  table  5  comparisons  are  made  between  core  sample  shrinkages  and  the 
corresponding  entire  lot  shrinkages  on  baled  wools  as  determined  by  a  com- 
mission wool  scourer.    On  small  lots,  composed  of  from  2  to  4  bales,  the 
extreme  differences  sho\m  are  +0,2  percent  and  -1.5  percent.     On  the  two 
larger  lots,  composed  of  32  and  29  bales  respectively,  the  indicated 
differences  are  -0,5  percent  and  -0,1  percent.     In  all  these  cases  the 
exjporimentally  determined  differences  are  v^ithin  the  statistically  expected 
limits  of  error. 


1.  The  highest  variability  found  on  domestic  wools  with  respect  to  the 
shrinkage  of  individual  cores  vras  4,03  percent  on  a  bagged  Wyoming  wool. 
The  extensive  tests  run  indicated  that  samples  composed  of  100  cores  dra\im 
from  large  lots  of  compressed  territory  xirools  should  be  reliable  within  +0,8 
percent  for  a  probability  of  0,95,     Thus,  in  5  comparisons  between  com- 
mercially determined  entire  lot  shrinkages  and  average  core  sample  shrinkages 
determined  in  the  wool  laboratory  of  the  Pood  Distribution  Administration 

in  which  the  saiTi^ples  contained  from  133  to  313  cores,  the  extreme  variations 
\-Tere  +0,5  percent  and  -0.5  percent, 

2.  On  small  lots,  in  9  comparisons  between  coma^ercially  determined  2 
to  4  bale  lot  shrinkages  and  core  sarirple  shrinkages  in  which  the  samples 
contained  24  to  30    cores,  the  extreme  differences  vrere  +0,2  percent  and  -1,5 
percent.     Similarly,  in  14  comparisons  between  the  shrinkages  of  single  bags 
scoured  by  the  U,  S.  Depart.ient  of  Agriculture  wool  research ■ laboratory  and 
samples  com.posed  of  50  cores,   the  extreme  differences  were  +1,0  percent  and 
-1,1  percent.    On  these  last  tests,  still  another  20  comparisons  on  average 
samples  composed  of  45  cores  and  90  cores  showed  extreme  variations  of  +1,1 
percent  and  -1,8  -percent,     Ind.ications  were  tha.t  samples  should  contain  at 
least  100  cores. 
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3,     In  tests  on  "bagged  wools  consisting  of  4  to  37  "bags,  core  samples 
containing  15  to  74  cores  shov/ed  extreme  variations  of  4-2»4  percent  and 
-1,5  percent.    As  might  be  expected,  the  higher  variations  tended  to  occur 
in  samples  containing  the  least  number  of  coreg.    These  bags  were  not 
compressed  prior  to  sampling.    The  relatively  high  variations  in  these  tests 
were  caused  by  (a)  lack  of  compression  on  the  b^^s  during  sr^nplin^;  (b)  the 
small  sizes  of  the  lots  given  commercial  tests;  (c.)  the  restricted  number  of 
cores  that  vmuld  be  draxm  from  the  small  lots  under  test, 

NOTE:    We  wish  to  acknowledge  the  assistance  given  by  Dr.  R.  T.  Clark  and 
Mr.  Curtis  Hughes  of  Montana  State  College  in  the  experiments  on  Montana 
wools. 
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Table  1. -Standard 

deviations  and 

limits  of  error  for  core 
domestic  wool 

samples  drawn 

from 

Standard 
deviation 

Limits  of 

error  (probability  of  0.95)  for 
sam-ples  comoosed  ofi 

Wool 

single  cores 

25  Cores 

50  Cores 

100  Cores  • 

200  Cores 

(Percent) 

(Percent) 

(Percent) 

(Percent) 

(Percent) 

Montana  Clip  1 

3.27 

+1.38 

±0.93 

±0.69 

±0.49 

Montana  Clip  2 

2.81 

±1.17 

±0.81 

±0.59 

±0.42 

Montana  Clip  3 

2.76 

±1.11 

±0.79 

±0.56 

±0.40 

Wyoming  Clip  1 

4.03 

±1.61 

±1.14 

±0.80 

±0.57 

Ts^le  2.-CQmparison  of  shrinkages  of  core  samples  with  shrinkages  of  entire 

tags  of  wool 

(Entire  "bags  scoured  "by  U,  S.  Department  of  Agriculture) 


Jiino  xre 

^  ore 

TiTTTJ'li'C;  A'F 
Jj  X  ill  X  0  O     \J  JL 

"bag 

s  anip  ±  y 

Tyve  wool 

Ba.ff;  No. 

Cores 

shrTnka,9:e 

shrinka.Te 

Difference 

(p. =0.95) 

(  PpfO  PTi  +;  J 

(P  pro  put.  J 

( Pprcant J 

(Percent ) 

Idalio 

8 

50 

53.0 

53.  6 

*0.  6 

±1.14 

ti 

tJKJ 

oy  •  o 

11 

36 

50 

42.4 

42.7 

+0.3 

+1.14 

11  • 

43 

50 

52. 2 

53.2 

+1.0 

+1,14 

71 

1  JL 

4-4- 

4-4-  4- 

+1  14 

'  X  f  x^ 

» 

75 

50 

52.6 

51.8 

-0,8 

+1.14 

n 

84 

50 

52.9 

53.1 

+0.2 

+1.14 

u 

93 

50 

49,9 

49.8 

■  -0.1 

+1.14 

H 

134 

50 

48.7 

49.7 

+1.0 

+1.14 

I  dalio 

9  ■ba,c:s 

450 

48.5 

48.6 

+0.1 

±0.38 

Utah 

5  "bags 

25 

60.4 

60,9 

+0.5 

■  +1.60 

5  " 

25 

60.4 

60.8 

+0.4 

+1.60 

UtaJi 

5  "bag 

50 

60.4 

60.9 

+0.5 

±1.14 

aver. 

Wyoniing 

596 

50 

68.1 

67.8 

-0.3 

±1.14 

11 

408 

50 

69.1 

70.0 

+0.9 

+1.14 

Wyoming 

2  bag 

100 

68.6 

68.9 

+0.3  . 

±0.8 

aver. 

Table  3. -Comparison  of  average  shrinkage  of  core  samples  *  v.dth  average 

shrinkages  of  entire  bags,  of  Idaho  wool 
(Entire  bags  .scourod  by  U.  S.  Department  of  Agriculture) 


SamT)lo 

average 

number 

Averap'Q 

s  am""")  1  e 
shr  inka<£"e 

Avera/'*e 
en  t  "i  r  e  b  a^i* 
sh".'"  i  Tj  ka^^e 

Cores  in 
saTnTDle 

Limits  of 
error 
(P.-^  0>95) 

Actual 
difference 

(perc  ent ) 

(Pc  j'cent  J 

(Number) 

(Percent) 

(Percent) 

1 

48,2 

48.5 

45 

+1.2 

-0.3 

2 

47.9 

43.5 

45 

+1. 2 

-0.6 

3 

48.3 

48.5 

45 

+1.2 

-0.2 

4 

49.  6 

48.5 

45 

+1,2 

+1.1 

5 

48.0 

48,5 

45 

+1.2 

-0.5 

6 

48.6 

48^5 

45 

±1.2 

+0.1 

7 

49.4 

48.5 

45 

+1.2 

+0.9 

8 

49.2 

43,5 

45 

+1.2 

+0,7 

9 

46,7 

48.5 

45 

±1*2 

-1.8 

10 

.  48.3 

48.5 

45 

±1.2 

-0.2 

11 

48.1 

48.5 

90 

±0.85 

-0.4 

12 

48.1 

48.5 

90 

±0,85 

-0.4 

13 

49.0 

48,5 

90 

±0.85 

+0.5 

14 

48.8 

48.5 

90 

±0.85 

+0.3 

15 

48,3 

48.5 

90 

±0.  85 

-0,2 

16 

49.0 

48,5 

90 

±0,85 

+0,5 

17 

49.3 

48.5 

90 

±0.85 

+0.8 

18 

48.0 

48,5 

90 

±0,85 

-0.5 

19 

47.5 

48,5 

90 

±0.85 

-1.0 

20 

48,3 

48.5 

90 

±0.85 

-0.2 

Table  4* -Comparison  of  shrinke^es  of  core  samples  with  shrinka/jos  determined 

Qommercially  of  entire  "bags 


ItOt 

ntjjn'b  or 

■  j3n^2:s 

■  Cores  ' 

Sntire 
bag 

shrinka^:e 

Core 
sample 
-  shrinkage 

Difference 

Liraits 
of  error 
(?.=0.  9d} 

- 

U-i^^Der) 

U'^Jmi^er; 

(Percent) 

(Percent; 

(Percent; 

(Percent; 

1  ■ 

17  ■  ' 

34 

53.4 

53.1 

-0..3 

+1.4 

2  ' 

37  - 

74 

53.0 

54.3 

+1.3 

+0.9 

8 

16 

51,5 

51.5 

0.0 

+2.0 

5 

8- 

16 

52.5 

52.8 

+0.3 

+2,0 

7 

15- 

30  . 

47,6 

48.8 

+1.2 

+1.5 

8 

5- 

15 

45. 2 

47.6 

+2.4 

+2.1 

10 

13 

26  , 

43.3 

45.1 

+1.8 

±1.6 

11 

10 

20 

43.  9 

42.6 

-1.3 

±1.8 

12 

12 

32 

48.3 

46.8 

-1.5 

±1.4 

15" 

5^ 

15 

62.7 

61.6 

-1.1 

+2.1 

14  &  15 

4 

20 

62.4 

63.8 

+1.4 

+1.8 

Totals  or 
averages 

139 

313 

51.1 

• 

51.6 

+0.5 

±0.46 

Table  5,-CoiirparisoQ  "bftween  shrinkage  of  core  samples  an.d  shrinkages 
de^^rniined  ooiniiierciall^  of  entire  "bales 


Core  Entire  Limits 


OUT) 

isaies 

Cores 

sample 
shrinkage 

bale 

shrinka^^e 

jjii  1  e  pence 

of  error 

(ITumber) 

(Number) 

(Percent) 

(Percent) 

(Percent) 

(Percent) 

1 

4 

26 

51.2 

51.4 

-0.2 

±1.6 

2 

2 

.24 

53.1 

53.0 

+0.1 

+1.6 

3 

3 

30 

56.2 

57.1 

-0.9 

±1.5 

4 

3 

26 

56.6 

56.4 

+0.2 

±1.6 

5 

4 

24 

59.1 

59.5 

-0.4 

±1.6 

6 

3 

30 

57.0 

57.8 

-0.3 

±1.5 

7 

4 

26 

52.3 

52.4 

-0.1 

±1.6 

8 

3 

30 

52.8 

53.8 

-1.0 

±1.5 

9 

3 

24 

54,3 

55.8 

-1.5 

±1.6 

Average 
1st  9  clips 

29 

240 

54.7 

55..  2 

-0.5 

±0.5 

10 

32 

133 

45.8 

46,.  3 

-0.5 

±0.7 

10 

32 

133 

46. 7 

46.3 

+0.4 

±0.7 

10  Average 

32 

266 

46.2 

46.3 

-0.1 

±0.5 

Sample  average 

61 

506 

50.5 

50.-3 

•^0.3 

±0.4 

